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I  wish  to  develop  the  thesis  that  the  Peoria  area  was  and  is  a  center  of  worldwide 
excellence  in  fermentation. 


First  Distilleries 

As  far  as  I  can  tell,  the  first  distillery  in  Peoria  was  started  by  an  enterprising  man 
named  Almiran  S.  Cole  in  1844.  People  believed  that  this  enterprise  would  end 
in  failure  because  of  lack  of  money  and  the  fact  this  was  a  different  type  of  work 
for  Peoria,  plus  the  presence  of  temperance  societies.  Factors  that  favored  this 
business  was  the  low  price  of  corn  and  the  relatively  high  price  of  whiskey.  Cole's 
steam  distillery  was  capable  of  using  200  bushels  of  corn  per  day.  In  spite  of  the 
fact  that  by  the  time  he  started  up,  he  was  almost  broke  and  his  creditors  were 
closing  in  on  him,  the  plant  began  to  immediately  make  money.  People  saw  that 
Cole  was  getting  rich  and  a  Mr.  Thompson  bought  him  out.  Cole  then,  with 
money  and  experience,  immediately  built  a  3-times  larger  plant.  It  soon  was 
apparent  that  substantial  sums  of  money  could  be  made  and  by  the  year  1864, 
12  distilleries  were  in  operation  using  from  300  to  1200  bushels  of  corn  with  a 
total  of  10,500  bushels  of  grain  per  day.  The  residual  grain  left  after  the  alcohol 
was  extracted  was  sold  for  feeding  cattle  and  pigs.  Disaster  struck  in  this  year 
when  the  government  assessed  a  2-dollar-per-gallon  tax  on  whiskey  made  after 
1864.  Those  companies  with  large  inventories  of  whiskey  made  fortunes  in  the  2- 
dollar-a-gallon  differential.  The  above  information  was  obtained  from  Ballance's 
History  of  Peoria  1870,  which  devotes  a  whole  chapter  on  distilleries  in  Peoria. 

Hiram  Walker  (1816-1899) 

The  Hiram  Walker  Company  for  many  years  operated  the  world’s  largest  bourbon 
whiskey  plant  in  Peoria.  Mr.  Walker  was  a  remarkable  man  who,  in  1856,  invested 
$40,000  in  the  milling  and  distilling  business.  Although  he  was  an  American, 
because  of  the  unstable  temperance  laws  in  Michigan,  he  built  his  first  plant  in 
Canada  in  1856.  At  this  time  whiskey  was  sold  in  barrels  in  grocery  stores  without 
any  manufacturers'  names.  Walker,  knowing  he  had  a  superior  product,  began 
packaging  his  whiskey  in  small  barrels  with  his  name  on  them.  He  also  introduced 
the  sale  of  whiskey  in  large  earthenware  jugs  and  in  bottles  that  were  sealed. 
Other  distilleries  soon  had  to  identify  their  product  to  compete. 

The  company  anticipated  the  end  of  prohibition,  and  when  its  repeal  came  in 
1933,  the  company  had  already  started  to  build  a  plant  in  Peoria  which  began 
production  shortly  after  repeal.  About  1890  a  remarkable  man  appeared  on  the 
scene  in  Peoria  whose  discoveries  were  revolutionary  and  whose  processes  are 
still  widely  used. 


Takamine 

Dr.  Jokichi  Takamine  was  the  father  of  commercial  enzymology  and  one  of  the 
pioneers  of  biotechnology.  He  was  born  in  1854  in  Japan  and  received  his 
Doctor  of  Pharmacology  and  Ph.D.  in  Engineering.  He  became  very  interested  in 
Western  concepts  that  would  be  useful  to  the  Japanese  but  he  also  was 
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interested  in  Japanese  contributions  to  the  West  in  science,  industry  and 
culture.  In  1884  he  married  an  American  girl  whose  father  helped  him  financially 
start  the  Takamine  Ferment  Company  in  Peoria  in  1890.  This  company's 
business  was  to  produce  "diastase,"  a  mixture  of  glucoamylase  and  a-amylase. 
This  mixture  of  amylases  was  produced  by  the  koji  molds  (Aspergillus  oryzae  and 
A.  soyae )  and  it  was  here  in  Peoria  that  fungal  amylase  was  first  introduced  to  the 
West.  In  the  production  of  alcohol  from  grain,  it  is  necessary  to  break  down  the 
starch  to  sugar,  which  is  then  fermented  to  alcohol.  Up  to  this  time  the  starch 
conversion  step  of  grain  was  brought  about  by  the  use  of  malt  produced  by  the 
germination  of  grains. 

In  Takamine's  process  the  malt  was  replaced  with  fungal  a-amylase  and, 
therefore,  was  a  process  in  direct  competition  with  malt  utilization.  Apparently  this 
new  innovation  was  greeted  with  apprehension  by  the  malt  manufacturers.  There 
was  labor  agitation  and  a  propaganda  campaign  against  Takamine.  In  1894  the 
distillery  where  he  worked  was  burned  to  the  ground.  Arson  was  suspected  but 
never  proven.  The  distillery  which  used  fungal  amylase  was  rebuilt,  but  the 
company  dissolved  the  Takamine  corporation  and  Takamine  left  Peoria  in  1894. 
In  1894  Takamine  obtained  a  U.S.  patent  on  his  enzyme  diastase  preparation 
called  Taka-Diastase. 

Later  Takamine  founded  the  Takamine  Laboratories  in  the  East  and  the  Sankyo 
Pharmaceutical  Company  of  Tokyo.  He  also  isolated  crystallized  adrenaline  at  the 
same  time  that  this  was  done  by  J.  Abel  at  John  Hopkins.  Takamine  obtained 
patents  on  adrenaline.  He  is  known  also  for  arranging  for  three  thousand  cherry 
trees  for  planting  at  the  Tidal  Basin  in  Washington.  Recently  a  book  on  Dr. 
Takamine  was  prepared  and  printed  by  the  Miles  Company,  which  some  years 
ago  had  bought  the  Takamine  Laboratories.  The  book  contains  his  writings 
translated  into  English  along  side  the  original  Japanese. 

Northern  Regional  Research  Center 

The  Northern  Regional  Research  Center  (NRRC)  when  it  was  started,  had  the 
responsibility  for  industrial  fermentation  development.  It  is  significant  that  the  first 
Director  was  Orville  E.  May,  a  man  who  had  worked  in  the  fermentation  field  and 
had  published  on  such  fermentations  as  gluconic,  lactic,  and  koji  acids  along  with 
the  development  of  rotary  aluminum  fermentors.  He  later  went  to  Washington 
D.C.  and  subsequently  became  Chief  of  the  Bureau  of  Agriculture  and  Industrial 
Chemistry.  The  second  Director,  H.  T.  Herrick,  likewise  had  experience  in  the 
fermentation  process  used  to  convert  tannin  to  gallic  acid  using  Aspergillus.  He 
proposed  that  the  Center  concentrate  on  mold  fermentation.  He,  in  turn,  later 
went  to  Washington,  D.C.  The  Chief  of  the  Fermentation  Laboratory  was  Dr. 
Robert  Coghill,  a  former  Professor  of  Organic  Chemistry  at  Yale  University.  This 
laboratory  consisted  of  the  Culture  Collection  (Kenneth  B.  Raper),  Chemical 
Section  (Frank  Stodola)  and  the  Survey  and  Development  Section  (George 
Ward). 
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With  the  concentration  of  people  with  fermentation  backgrounds,  both  at  Peoria 
and  in  Washington,  D.C.,  it  was  predictable  that  Peoria  would  be  the  center  of 
fermentation  excellence  in  the  United  States,  if  not  in  the  world.  The  wisdom  of 
this  organization  was  soon  to  be  justified.  The  concentration  of  people  in 
research  teams  and  the  appointment  of  administrators  with  laboratory  knowledge 
ensured  success.  Today  we  should  remember  what  history  has  taught  us.  Be 
sure  the  driver  knows  how  to  drive! 

The  first  Chairman  of  the  Peoria  Section  of  the  American  Chemical  Society  was 
Dr.  L.  B.  Howard  of  NRRC. 


Penicillin  -  Moyer 

Penicillin  and  its  effectiveness  as  an  antibacterial  drug  was  discovered  in  England 
before  World  War  II.  Even  though  it  was  known  to  be  a  very  antibacterial  agent 
that  would  save  thousands  of  lives  during  the  war,  little  could  be  produced 
because  no  industrial  process  was  known  that  could  be  used  to  produce  the 
quantities  needed.  Its  synthesis  was  too  difficult.  The  problem  of  growing  the 
mold  and  producing  penicillin  was  brought  to  the  Fermentation  Laboratory  of  the 
Department  of  Agriculture  at  Peoria  in  1 941 .  Dr.  Andrew  Moyer  and  others  were 
assigned  the  problem  of  developing  a  practical  method  of  making  penicillin  by 
fermentation.  The  team  began  work  in  July  1941  and  by  November  1941  had 
increased  the  yield  of  penicillin  tenfold.  Dr.  Moyer  was  a  mycologist  and  an  expert 
on  industrial  mold  fermentations.  In  the  first  few  months  he  discovered  that  corn 
steep  liquor,  a  waste  product  from  the  wet  corn-milling  industry,  produced  a  great 
increase  in  penicillin  even  though  it  had  never  been  used  to  grow 
microorganisms  before.  Dr.  Moyer  also  discovered  that  if  lactose,  milk  sugar,  was 
incorporated  in  the  corn  steep  medium,  further  increase  in  penicillin  yields 
resulted. 

Another  great  step  forward  was  the  discovery  by  Dr.  Moyer  that  certain  strains  of 
Penicillium  chrysogenum,  isolated  by  Dr.  K.  Raper,  could  be  grown  in  liquid 
media  with  continuous  agitation  or  shaking.  With  these  conditions  and  with 
special  mold  strains,  commercial  quantities  of  penicillin  could  be  produced.  The 
earlier  ineffective  method  of  penicillin  production  was  to  seed  the  mold  on  the 
surface  of  liquid  medium  where  the  mold  slowly  grew  and  produced  small 
amounts  of  penicillin.  This  required  thousands  of  milk  bottles.  Often 
contamination  was  a  problem  and  very  low  yields  were  the  rule.  For  example,  it 
took  70,000  bottles  to  produce  the  same  amount  of  penicillin  as  one  10,000 
gallon  tank  could  produce  using  agitation.  By  1945  American  companies  using 
Moyer’s  methods  had  reached  the  astounding  production  of  14,000  pounds  of 
penicillin  as  compared  to  none  in  1941 . 

The  ability  to  produce  a  useful  drug  by  fermentation  revolutionized 
chemotherapy.  Prior  to  the  penicillin  work,  antibacterials  were  organic 
compounds.  NRRC's  work  showed  that  a  mold  antibacterial  agent  could  be 
produced  commercially  by  submerged  fermentation  methods.  The  result  of  this 
success  was  to  change  the  whole  direction  of  searching  for  new  antimicrobial 
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agents.  Many  new  antibiotics  were  found.  Even  to  this  day  corn  steep  liquor  is 
used  in  the  production  of  many  antibiotics  and  all,  as  far  as  I  know,  incorporate  the 
use  of  agitated  liquid  media  in  fermentation  processes  as  discovered  at  NRRC. 

The  value  of  penicillin  and  other  antibiotics  totals  billions  of  dollars  and  accounts 
for  the  saving  of  countless  lives.  This  pioneering  work  resulted  in  the 
development  of  a  whole  new  bill  ion-do  liar  industry  that  still  utilizes  the 
discoveries  of  Dr.  Moyer. 

Dr.  Moyer  grew  up  as  an  orphan  and  had  to  struggle  to  obtain  an  education.  As  a 
result  of  his  childhood  struggle,  he  was  always  rather  suspicious  of  others.  As  a 
scientist  he  was  a  careful  worker  who  spent  a  great  deal  of  time  planning  his 
research  and  rechecking  and  evaluating  his  data.  Because  of  his  poor 
background  he  was  not  a  good  speaker  or  writer,  but  this  was  compensated  by 
his  clear  thinking  and  his  dedication  and  enthusiasm  for  research  on  mold 
metabolites. 

As  a  result  of  this  work,  Dr.  Moyer,  in  1987,  was  honored  by  being  postumously 
elected  to  the  Inventor's  Hall  of  Fame,  28  years  after  his  death.  Only  two 
microbiologists,  Louis  Pasteur  and  Moyer,  have  ever  been  elected  to  the 
Inventor's  Hall  of  Fame.  One  of  the  requirements  to  be  elected  is  that  the  person 
honored  hold  patents  that  are  the  basis  of  a  whole  new  industry;  thus,  people 
such  as  Edison,  Bell  and  the  Wright  Brothers  are  in  the  Hall  of  Fame.  At  the  time 
of  Moyer's  election,  3  other  people  were  selected,  namely,  W.  S.  Burroughs 
(adding  machine),  Beckman  (pH  meter)  and  Sikorsky  (helicopter).  As  far  as  I 
know,  Moyer  is  the  only  government  employee  ever  to  be  selected.  At  the  time 
of  Moyer's  election  only  44  people  had  been  honored.  When  he  retired  in  the 
early  1950's  he  held  only  a  GS-12  rating  in  the  government  service. 

Penicillin  -  Others 

Other  individuals  involved  in  the  penicillin  effort  who  are  not  alive  should  be 
named.  One  of  these  was  Dr.  Kenneth  Raper  who  isolated  improved  penicillin 
producing  strains,  which  gave  both  higher  yields  and  which  would  grow  in 
submerged  culture.  Another  person  was  Dr.  Charles  Thom  who  was  instrumental 
in  getting  the  fermentation  research  placed  at  NRRC  and  who  was  the  world’s 
expert  at  this  time  on  the  classification,  biology  and  ecology  of  Penicillium.  Both 
were  recognized  as  outstanding  mycologists,  and  both  were  elected  to  the 
National  Academy  of  Science.  Three  microbiologists  from  Peoria  have  been 
elected  presidents  of  the  Society  of  Industrial  Microbiology  and  the  Mycological 
Society  of  America.  The  penicillin  team  received  numerous  awards  including  the 
Lasker  Group  Award  of  the  American  Public  Health  Association  in  1946. 

ARS  Culture  Collection 

One  of  the  unique  fermentation  features  in  Peoria  is  the  collection  of  living 
microorganisms  maintained  at  the  Northern  Regional  Research  Center  (NRRC)  of 
the  U.S.  Department  of  Agriculture.  The  ARS  Culture  Collection  is  only  one  of 
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two  large  culture  collections  in  the  U.S.,  and  its  primary  function  is  to  find  and 
maintain  useful  or  potentially  useful  microbial  genetic  and  taxonomic  material. 

This  collection  dates  back  to  1904  when  Charles  Thom  was  hired  by  USDA  to 
investigate  the  mold-cheeses.  In  making  these  studies  Thom  secured  several 
hundred  strains  of  Penicillium  and  Aspergillus  which  became  the  nucleus  of  the 
ARS  Culture  Collection.  At  first  Thom  was  at  the  Connecticut  Experiment  Station 
but  in  1913  he  moved  to  Washington,  D.C.  taking  his  cultures  with  him.  The 
oldest  mold  culture  in  the  Collection  is  a  strain  of  Actinomucor  elegans  isolated  in 
1892.  Thom's  collection  had  no  formal  recognition,  and  the  story  is  told  how 
Thom  worked  in  the  laboratory  on  weekends  to  transfer  his  collection.  In  1940 
when  the  Fermentation  Laboratory  was  established  at  NRRC,  the  Thom 
Collection  was  moved  from  Washington,  D.C.  to  Peoria  and  was  formally 
recognized  as  one  of  the  fermentation  groups  with  Dr.  K.  Raper  in  charge.  Dr.  J. 
Wickerham  joined  the  group  to  be  curator  of  the  Yeast  Collection,  and  W.  C. 
Haynes  was  selected  to  maintain  a  Bacterial  Collection.  Since  then  the  number  of 
curators  have  increased  from  3  to  6.  Some  famous  private  collections  were 
added  in  1940,  including  the  Harvard  Collection  which  had  strains  isolated  before 
1900.  The  yeast  collection  nucleus  was  composed  of  the  many  yeast  cultures 
brought  by  Dr.  Wickerham  from  the  University  of  Illinois.  Besides  this  valuable 
collection  of  yeasts,  Wickerham  developed  a  new  technique  for  the  preservation 
of  microbial  cultures  with  the  lyophilization  process.  This  technique  was  used  for 
the  entire  culture  collection  and  was  adopted  on  a  worldwide  basis.  It  made 
possible  the  assembling  of  large  collections  of  microorganisms  which  could  be 
preserved  for  years  under  refrigeration,  thus  reducing  the  number  of 
generations  and  minimizing  the  possibility  of  spontaneous  mutation. 

This  process  of  preservation  has  now  made  it  possible  for  the  collection  to 
maintain  over  80,000  pure  cultures  of  yeast,  bacteria,  and  fungi  and  maintain 
almost  all  strains  of  microorganisms  that  produce  useful  products  by 
fermentation. 

In  the  late  1940's  the  U.S.  Patent  Office  decided  that  to  make  a  fermentation 
patent  operable  the  organism  must  be  available  to  the  public.  This  meant  that  a 
producing  strain,  not  necessarily  the  best  producer,  had  to  be  deposited  in  a 
permanent  culture  collection  which  would  make  cultures  available  to  the  public. 
The  practice  of  depositing  microorganisms  in  culture  collections  began  in  1949 
with  the  deposit  of  Streptomyces  aureofaciens  by  Lederle  Laboratories  as  NRRL 
2209  in  the  ARS  Culture  Collection.  This  deposit  was  in  connection  with  the 
fermentation  production  of  aureomycin  and  the  procedure  established  by  NRRC 
for  depositing  cultures  has  been  followed  ever  since.  Today,  only  two  U.S. 
Collections  are  recognized  as  suitable  places  for  depositing  cultures  to  satisfy 
the  U.S.  Patent  Office  requirements.  These  are  the  ARS  Culture  Collection  and 
the  American  Type  Culture  Collection.  This  patent  law  practice  has  now  become 
established  on  a  worldwide  basis. 

Cultures  are  made  available  upon  request  at  no  cost  except  that  there  is  a 
deposit  charge  for  patent  deposits  and  a  charge  for  securing  patent  deposit 
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cultures.  In  addition  to  the  extensive  taxonomic  studies  on  various  industrial 
groups  of  microorganisms,  the  curators  recently  established  methods  based  on 
nuclear  DNA  and  ribsomal  RNA  similarities  for  solving  difficult  classification 
problems.  These  new  techniques  offer  solutions  to  problems  of  taxa  which 
cannot  be  resolved  with  conventional  taxonomic  methods.  These  new  molecular 
approaches  have  attracted  persons  from  all  over  the  world  to  learn  the 
techniques  at  NRRC. 

The  outstanding  reputation  of  the  ARS  Culture  Collection  is,  in  part,  due  to  the 
fact  that  each  curator  has  a  research  project  on  the  group  of  microorganisms  he 
maintains  and  assists  with  other  projects  in  biotechnology. 

Polysaccharides 

For  many  years  polysaccharides,  produced  by  bacteria  and  yeasts  have  been 
investigated  as  to  their  chemical  structure,  their  fermentation  production,  their 
classification  and  their  physiological  effect  on  animals.  Two  commercialized 
products  developed  by  the  Center  are  dextran  and  xanthan  gum.  Another  group 
of  polysaccharides,  the  phosphomannans,  are  of  great  interest  because  of  their 
medical  implications. 

Polysaccharides  of  microorganisms  are  of  three  types  with  respect  to  their  cellular 
location,  namely  intracellular,  cell  wall  and  exocellular.  The  last  type  is  preferred  in 
production  because  the  cells  can  be  separated  easily  from  the  polysaccharide. 

As  a  result  of  the  need  for  a  blood-plasma  volume-expander  during  the  Korean 
War,  a  search  was  made  for  a  microbial  polysaccharide  that  could  do  this.  Dextran, 
as  produced  by  Leuconostoc  mesenteroides  NRRL  B-512F,  a  strain  isolated 
from  a  spoiled  can  of  soft  drink,  was  selected  and  is  used  commercially.  Now 
there  is  an  enormous  amount  of  literature  on  the  immunochemistry  of  NRRL 
dextrans.  These  studies  have  contributed  significantly  to  understanding 
reactions  with  antibodies  and  with  animal  and  plant  lectins. 

Xanthan  gum,  on  the  other  hand,  was  discovered  in  a  survey  of  microbial  gums 
with  no  specific  activity  in  mind.  Although  Xanthomonas  campestris  was  known  to 
produce  polysaccharides,  no  information  existed  on  their  properties  or  their 
chemistry.  The  polysaccharide,  xanthan,  was  recognized  as  having  great 
industrial  potential  because  of  its  unique  properties  including  being  stable  at 
high  temperatures  and  acid  pH's,  colorless,  not  contributing  calories  to  food, 
viscus  at  low  concentrations,  yielding  high  viscosities  and  is  resistant  to  shear¬ 
thinning.  FDA  approved  its  use  as  a  thickening  agent  in  foods:  and  today  it  is 
widely  used  in  many  foods.  A  second  industrial  use,  in  its  crude  form,  is  as  a 
petroleum  recovery  agent.  A  third  class  of  polysaccharides  are  the 
phosphomannans  produced  by  yeasts,  especially  species  of  Hansenula.  Today 
phosphomannan  fragments  are  used  to  characterize  and  isolate  mammalian 
phosphomannosyl  receptors,  the  peripheral  lymphocyle  homing  receptor,  and  to 
study  lysosomal  enzyme  targeting.  Virtually  all  publication  in  these  fields  employ 
material  provided  by  NRRC. 
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One  of  the  dextran  research  team  won  the  Garvan  Award.  In  1979  production  of 
xanthan  gum  was  12  million  pounds.  It  is  now  estimated  that  the  industry  has  the 
fermentation  capacity  to  produce  30,000  metric  tons  per  year. 

Mycotoxins 

Mycotoxins  are  toxins  produced  by  fungi  and  may  be  carcinogens,  teratogens 
and  mutagens.  The  modern  mycotoxin  era  started  when  it  was  discovered  in 
Great  Britain  that  Aspergillus  flavus ,  growing  in  peanuts,  produced  very  toxic 
materials  called  aflatoxins.  This  group  of  toxins  were  very  carcinogenic 
compounds  which  were  heat  stable  and  caused  thousands  of  deaths  in  poultry. 

Initial  work  in  the  U.S.  was  carried  out  at  MIT,  Food  and  Drug  Administration, 
Southern  Regional  Research  Center  and  at  Northern  Regional  Research  Center. 
Surveys  conducted  by  the  Center  showed  that  the  problem  commodities  were 
corn  and  milk  contaminated  with  aflatoxin  as  a  result  of  cows  consuming 
contaminated  grain.  Peanuts  and  cottonseed  were  found  to  be  sometimes 
contaminated  with  aflatoxins.  Our  work  showed  that  there  did  not  appear  to  be  a 
problem  in  soybeans  and  wheat.  Three  types  of  assays  were  developed:  one 
was  a  rapid  presumptive  test  using  the  black  light;  the  second,  a  more  precise 
test  used  to  detect  aflatoxins;  and  the  third,  quantitative  methods  to  determine 
the  amount  of  toxin  down  to  parts  per  billion.  The  black  light  method  is  universally 
used  in  monitoring  corn  both  in  the  U.S.  and  abroad.  A  method  of  producing 
aflatoxin  using  an  agitated  solid-state  fermentation  was  developed  to  satisfy  the 
needs  for  large  animal  and  poultry  feeding  studies.  This  fermentation  process 
was  unique  in  that  the  solid  substitute  is  constantly  shaken 

Once  a  bin  of  corn  is  contaminated  one  needs  to  have  a  method  for  destroying 
aflatoxin.  Work  at  the  Center  led  to  the  development  of  a  method  using  ammonia 
which  destroys  the  aflatoxin.  For  example  corn  with  1,200  ppb  of  aflatoxin,  when 
treated  with  ammonia,  had  its  aflatoxin  level  reduced  to  5  ppb.  As  far  as  I  know, 
this  is  the  only  economical  and  safe  method  for  destroying  aflatoxin  in  corn  on 
the  farm.  Feeding  trials  have  shown  that  no  toxicity  develops  in  animals  fed  this 
detoxified  corn. 

Recently  a  fungus  ecologist  working  at  the  Center  has  worked  out  the  life  cycle 
of  Aspergillus  flavus  in  the  corn  field.  The  fungus  produces  sclerotia  which  over¬ 
winters  in  the  field  and  then  sporulates  in  the  spring;  picnic  beetles  then  carry  the 
spores  to  the  corn  ears  in  the  field. 

Work  on  other  mycotoxins  produced  by  Aspergillus  and  Fusarium  species  is 
ongoing  with  the  emphasis  on  those  toxins  most  commonly  encountered,  such 
as  zearalenone  that  interferes  with  reproduction,  especially  in  swine.  This 
mycotoxin  work  has  resulted  in  two  team  awards. 
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Fermented  Foods 

Down  through  the  years,  research  on  utilization  of  soybeans  has  been  assigned 
to  the  NRRC.  Large  amounts  of  soybeans  are  exported  each  year  to  the  Orient 
where  beans  are  used  extensively  for  food.  Soybeans,  because  of  some 
undesirable  characteristics,  are  fermented  to  produce  healthful  and  pleasing 
foods.  An  exception  is  the  production  of  tofu,  a  precipitation  of  soybean  milk. 
The  conditions  for  making  different  kinds  of  tofu  were  known  by  the  tofu  makers 
but  not  available  to  the  public.  The  conditions  required  to  make  various  kinds  of 
tofu  were  studied  at  NRRC  and  the  information  published.  Other  foods  such  as 
miso,  shoyu,  tempeh,  ontjom,  and  natto  are  all  made  by  fermentation.  USDA,  as 
early  as  1920,  conducted  research  on  soybean  fermentation,  especially  soy 
sauce.  Our  research  on  miso  led  to  explaining  why  U.S.  soybeans  were  inferior  to 
Chinese  beans  and  the  problem  was  overcome  by  using  grits  which  brought 
about  a  more  uniform  colored  product  and  a  much  faster  fermentation.  Work  at 
the  Center  showed  the  principal  yeast  in  shoyu  and  miso  is  heterothallic; 
therefore,  breeding  for  improved  strains  was  possible.  This  information  was  used 
commercially  to  improve  the  miso  fermentation  product.  Finally,  we  developed  a 
pure  culture  inoculum  for  the  miso  fermentation  that  avoided  the  problems 
associated  with  using  old  contaminated  inoculum.  Today  this  method  is  accepted 
and  used  extensively  commercially  in  Japan. 

A  second  fermented  food  which  we  studied  was  the  little  know  Indonesian 
tempeh.  This  fermentation  intrigued  us  because  all  the  beany  flavor  of  soybeans 
was  destroyed  and  the  fermentation  lasted  only  24  hours  compared  to  weeks  for 
miso.  Tempeh  is  made  by  the  fermentation  of  whole  soybeans  to  produce  a  cake 
which  is  then  fried  or  cooked.  Our  contributions  to  this  fermentation  were:  I)  after 
a  survey  of  many  tempeh  factories  in  Indonesia,  we  determined  that  only 
Rhizopus  o I igosporus  was  required;  2)  a  method  for  pure  culture  fermentations 
on  an  industrial  scale  was  developed;  3)  fermentation  could  occur  in  plastic 
containers,  and  this  is  used  widely  in  Indonesia;  4)  a  method  was  developed  to 
produce  pure-culture  dry  inoculum  of  the  mold;  5)  we  developed  and  patented 
fermentations  of  cereals  and  mixture  of  cereal  and  soybeans;  6)  we  discovered 
that  the  tempeh  mold  produced  an  antibiotic  against  some  bacteria  and,  hence, 
explained  why  it  is  considered  as  a  good  food  for  people  with  intestinal 
infections;  7)  demonstrated  that  in  soybeans  there  is  a  mold  inhibitor  that  is  heat 
stable  and  highly  water  soluble;  8)  we  elucidated  the  presence  of  proteolytic  and 
lipolytic  enzymes  in  this  soybean  fermentation.  Finally  it  should  be  mentioned 
that  we  made  extensive  studies  on  sufu  (fermented  tofu),  ontjom  (fermented 
peanut  press  cake)  lao-chao  (fermented  rice  or  cassava)  and  ragi  (an  inoculum  for 
various  starch  fermentations  for  food  and  alcohol).  Besides  research  papers  and 
patents  we  also  published  a  book  on  soybean  fermentation. 

Fermentation  in  Peoria  Today 

Today,  Peoria  has  2  large  fermentation  companies.  Archer  Daniels  Midland 
Company  uses  corn  to  make  alcohol  presumably  for  industrial  uses,  including  as 
a  gasoline  additive.  It  utilizes  the  old  Hiram  Walker  distillery.  PMP  Fermentation 
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Products,  Inc.  has  rather  recently  opened  a  plant  to  produce  sodium  gluconate. 
Sodium  gluconate  is  a  versatile,  non-toxic  chemical  used  in  cleaning  and  metal 
finishing,  and  has  many  other  uses.  According  to  their  brochure  they  employ  a 
continuous  closed-system  process  which  is  the  most  advanced  fermentation 
plant  in  the  U.S.  for  making  gluconate.  The  whole  fermentation  process  is 
completely  automated  using  a  large  mainframe  computer  which  manages  the 
entire  process  from  the  raw  materials  to  the  finished  product  ready  to  be  shipped. 

Honors  and  Awards 

Many  individuals  and  team  awards  have  been  made  by  the  Department  of 
Agriculture  to  outstanding  NRRC  scientists.  However,  Peoria  area  scientists  have 
received  a  number  of  awards  and  honors  from  organizations  not  associated  with 
USDA  for  work  in  the  field  of  applied  microbiology.  A  partial  list  of  these  awards 
are: 

1 .  Three  people  have  been  elected  to  the  American  Academy  of  Microbiology. 

2.  Two  scientists  have  been  elected  to  the  National  Academy  of  Science. 

3.  Four  scientists  have  been  invited  to  study  for  one  year  in  institutes  in  West 
Germany  and  England. 

4.  One  person  was  elected  to  the  Inventor's  Hall  of  Fame. 

5.  One  person  was  awarded  the  Third  Order  of  the  Rising  Sun  by  the  Japanese 
Government. 

6.  Three  scientists  were  elected  presidents  of  the  Society  of  Industrial 
Microbiology,  and  the  same  three  were  elected  presidents  of  the  Mycological 
Society  of  America.  A  fourth  was  elected  president  of  the  U.S.  Culture 
Collection  Federation. 

7.  Two  people  have  won  the  Pasteur  Award. 

8.  One  scientist  has  won  the  Garvan  Award  of  the  American  Chemical  Society. 

9.  The  penicillin  team  received  the  Lasker  Award  of  the  American  Public  Health 
Association. 

10.  One  person  was  given  the  Humboldt  Award  from  Germany  for  a  one-year 
study. 

1 1 .  The  American  Institute  of  the  History  of  Pharmacy  and  the  Illinois  Pharmacists 
Association  honored  the  work  on  penicillin  in  1980  by  placing  a  special 
bronze  plaque  at  NRRC  honoring  the  work  on  submerged  fermentation,  the 
discovery  of  penicillin  precursors  and  for  finding  a  superior  mold  strain. 


12.  The  Public  Television  Network  Show,  Nova,  had  considerable  footage  about 
NRRC  work  on  penicillin  in  a  recent  program. 

It  also  should  be  mentioned  that  there  has  been  a  constant  flow  of  scientists  and 
technicians  from  all  over  the  world  working  with  us  and  contributing  to  our  work 
and  they,  in  exchange,  learning  our  techniques.  Most  of  the  money  for  this  work 
was  provided  by  the  foreign  country  from  which  the  individual  came. 

I  believe  I  have  now  made  the  case  that  Peoria  has  become  a  Center  of 
fermentation  excellence  and  is  known  worldwide  for  its  leadership  in  applied 
microbiology  and  fermentation. 
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ABSTRACT 

The  herbaceous  plants  and  woody  seedlings  of  the  Rocky  Branch  Nature 
Preserve  were  studied  during  the  growing  seasons  of  1987  and  1989  using 
1/10  m2  circular  plots  established  along  25  m  long  transects.  Densities  in  the 

mixed  hardwood  vegetation  region  averaged  32.3  (plants/m2)  during  the  spring 
survey  of  1987,  declining  to  12.9  and  8.1  for  the  summer  and  fall  surveys.  In  the 

white  oak  vegetation  region,  densities  were  19.3  (plants/m2)  for  the  spring 
survey  of  1987,  decreasing  to  9.2  and  4.6  during  the  summer  and  fall  surveys. 
Densities  decreased  during  the  1989  survey,  in  both  vegetation  regions  to 
about  two-thirds  of  those  recorded  for  1987,  probably  the  result  of  extreme 
drought  conditions  in  1988.  In  the  sugar  maple  vegetation  region,  located  on  a 
steep,  north-facing  hillside,  the  densities  of  herbaceous  plants  and  woody 

seedlings  were  similar  for  both  years,  averaging  23.4  (plants/m2)  for  the  spring 
surveys,  and  decreasing  to  an  average  of  8.8  for  both  the  summer  and  fall 
surveys. 


INTRODUCTION 

Rocky  Branch  Nature  Preserve,  located  six  miles  northwest  of  Marshall, 
Clark  County,  Illinois,  contains  remnants  of  the  forests  typically  associated  with 
valleys  of  the  Illinois  till  plain  of  the  Southern  Uplands  Section,  Wabash  Border 
Natural  Division  (Schwegman,  1973).  In  this  Section,  oak  forests  include  a 
mixture  of  beech,  sugar  maple,  tulip  tree,  and  other  tree  species  typical  of  forests 
east  of  Illinois. 

Due  to  its  unique  flora,  land  bordering  parts  of  Rocky  Branch  Creek  was 
purchased  by  the  Illinois  Chapter  of  The  Nature  Conservancy  and  placed  under 
the  trusteeship  of  Eastern  Illinois  University.  Several  vegetation  studies  have 
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been  undertaken  in  the  woodlot.  Stover  (1930)  prepared  a  checklist  of  the 
plants  in  the  preserve  and  described  the  plant  associations,  Arzeni  (1947) 
prepared  a  checklist  of  the  bryophytes,  while  Hellinga  and  Ebinger  (1970) 
completed  an  inventory  of  the  vascular  plant  species.  The  woody  vegetation  of 
the  eastern  section  of  the  preserve  was  surveyed  by  Hughes  and  Ebinger 
(1973),  and  the  western  section  was  surveyed  by  Ebinger  and  Parker  (1969)  and 
Clapp  and  Ebinger  (1988).  The  results  of  these  past  surveys  indicate  that  the 
forests  in  the  preserve  have  undergone  major  changes  in  species  composition 
during  the  past  twenty  years.  Most  of  these  changes  involve  the  explosive 
increase  in  sugar  maple  and  a  corresponding  decrease  in  the  importance  of  oak 
species. 

This  change  in  forest  composition  is  probably  causing  changes  in  the 
herbaceous  species  in  the  woodlot  due  to  excessive  shading  and  changes  in 
litter  composition.  The  present  study  was  undertaken  to  determine  the  existing 
floristic  composition  of  the  understory,  since  it  is  very  possible  that  some 
management  practices  will  be  implemented  to  decrease  the  importance  of  sugar 
maple. 


DESCRIPTION  OF  THE  WOODLOT 

The  area  studied,  the  western  most  portion  of  the  Rocky  Branch  Nature 
Preserve,  consists  of  a  6.5  ha  woodlot  located  in  the  NE1/4,  SE1/4  of  Section 
30,  T12N,  R12W,  Clark  County,  Illinois.  The  topography  varies  from  level  to 
gently  sloping  uplands,  to  ravines  with  gradually  sloping  sides  to  steep  banks, 
while  sandstone  outcrops  and  a  steep  hillside  overlook  Rocky  Branch  Creek  at 
the  northern  edge.  Overall  relief  is  about  18  m  with  the  high  point  being  195  m 
above  mean  sea  level.  Ebinger  and  Parker  (1969)  divided  this  woodlot  into  three 
vegetation  regions  based  on  woody  overstory  composition:  a  mixed  hardwood 
region  on  the  slopes  and  lowlands  associated  with  the  small  streams  and  ravines, 
a  white  oak  region  on  the  relatively  flat  uplands,  and  a  sugar  maple  region  on  the 
steep  north-facing  hillside. 

METHODS  AND  MATERIALS 

Herbaceous  plants  and  the  woody  seedlings  were  surveyed  during  the 
growing  seasons  of  1987  and  1989.  In  spring,  summer,  and  fall  of  each  year,  24 
north/south  transects  25  m  long  were  located  randomly  in  the  woodlot,  eight  in 
each  of  the  three  vegetation  regions.  The  1989  survey  was  conducted  within 
three  calendar  days  of  the  1987  survey  dates,  and  each  line  was  started  at  the 
same  location  as  in  the  1987  survey.  Along  each  transect,  1/10  m2  circular  plots 
were  randomly  located  at  1  m  intervals.  A  random  numbers  table  was  used  to 
determine  the  number  of  meters  the  plots  were  placed  to  the  east  (odd 
numbered  plots)  or  to  the  west  (even  numbered  plots)  of  the  transect.  All 
herbaceous  plants  and  woody  seedlings  were  identified,  counted,  and  their 

densities  (plants/m2)  determined.  These  calculations  were  made  for  each 
species  in  the  three  vegetation  regions  for  each  season  of  1987  and  1989. 
Nomenclature  follows  Mohlenbrock  (1986). 
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RESULTS  AND  DISCUSSION 

A  total  of  45  vascular  plant  species  were  found  in  the  study  plots  of  the 
mixed  hardwood  region,  29  in  the  white  oak  region,  and  31  in  the  sugar  maple 
region.  These  species  are  shown  in  Tables  1 , 2,  and  3,  along  with  their  densities 
for  the  spring,  summer,  and  fall  surveys  in  each  region  in  1987  and  1989. 

Mixed  Hardwood  Vegetation  Region 

In  this  region,  32.3  plants/m2  were  recorded  during  the  spring  survey  of 

1987.  Dicentra  cucullaria ,  with  an  average  density  of  5.1  (plants/m2),  was  the 
dominant  species  encountered  (Table  1).  Other  important  herbaceous  species 
included  Galium  concinnum,  Podophyllum  peltatum,  Arisaema  triphyllum, 
Cystopteris  protrusa,  and  Carex  spp.  During  the  summer  survey  of  1987  only 

12.9  plants/m2  were  recorded.  Of  the  herbaceous  species,  Arisaema  triphyllum 

dominated  with  1.5  plants/m2,  while  the  densities  of  all  herbaceous  species 
decreased  from  the  spring  survey,  and  only  a  few  new  species  were 
encountered.  Similar  results  were  obtained  in  the  fall  survey  with  only  8.1 

plants/m2  (Table  1). 

Of  the  species  recorded  in  this  region,  nine  were  woody  species.  Acer 

saccharum  (3.6  plants/m2)  was  the  dominant  woody  species  encountered  for  the 
spring  survey  of  1987  (Table  1).  Seedlings  of  Ulmus  rubra,  Cornus  florida, 
Prunus  serotina,  Ostrya  virginiana,  and  Quercus  alba  were  also  occasionally 
encountered.  The  density  of  most  of  these  woody  species  remained  fairly 
constant  during  the  growing  season,  generally  showing  only  a  slight  decline  from 
the  spring  to  fall  survey. 

The  survey  results  for  1989  were  very  different  from  those  of  1987. 
During  the  spring  survey  of  1989  total  plant  densities  decreased  to  19.6 

plants/m2,  declining  to  5.8  and  6.3  during  the  summer  and  fall  surveys 
respectively.  Overall,  the  densities  decreased  to  about  two-thirds  of  those 
recorded  for  1987,  and  9  species  found  in  1987  were  not  recorded  in  1989. 
Also,  the  dominant  spring  species  of  1987,  Dicentra  cucullaria,  was  noticeable 
absent  in  1989.  This  pronounced  decrease  in  densities  in  1989  may  be  related 
to  the  drought  conditions  of  1988,  resulting  in  the  death  of  some  understory 
species  as  well  as  a  decrease  in  propagule  production. 

White  Oak  Vegetation  Region 

This  region  has  a  relatively  low  species  diversity  with  only  29  taxa  being 
recorded.  During  the  spring  survey  of  1987,  19.3  plants/m2  were  recorded. 

Arisaema  triphyllum,  with  a  density  of  6.9  plants/m2,  was  the  dominant  species 
encountered  (Table  2).  Other  important  herbaceous  species  included 
Podophyllum  peltatum,  Smilacina  race  mo  sa,  Circaea  lutetiana,  and  Arisaema 

dracontium.  During  the  summer  survey  the  density  decreased  to  9.2  plants/m2, 
while  a  further  decline  to  4.6  plants/m2  was  recorded  during  the  fall  survey. 
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Of  the  woody  plant  seedlings  found  in  this  region,  only  Acer  saccharum 

and  Fraxinus  sp.  exceeded  one  individual  per  m2  during  any  of  the  surveys. 
During  the  fall  survey  of  1987,  sugar  maple  averaged  1.3  plants/m2,  while  ash 

seedlings  averaged  1 .3  plants/m2  during  the  summer  survey  of  1987  (Table  2). 

The  species  densities  for  1989  were  much  lower  than  those  recorded  for 

1987.  In  the  spring  of  1989,  12.5  plants/m2  were  recorded,  declining  to  6.0  and 
6.4  during  the  summer  and  fall  surveys  of  that  year,  respectively.  Though  most 
of  the  same  species  were  recorded  for  both  years,  their  densities  in  1989  were 
significantly  lower,  usually  about  two-thirds  of  the  densities  recorded  for  1987. 
These  dramatic  decreases  may  be  drought  related. 

Sugar  Maple  Vegetation  Region 

This  area  is  located  on  the  steep  north-facing  hillside  at  the  northern 

edge  of  the  woodlot.  In  this  region,  a  density  of  21.3  plants/m2  was  recorded 
during  the  spring  survey  of  1987,  increasing  to  25.6  in  1989.  Hepatica  nobilis, 

with  a  density  of  over  5.0  plants/m2  in  both  years,  was  the  dominant  species 
(Table  3).  Arisaema  triphyllum,  Podophyllum  peltatum,  Polystichum 
acrostichoides,  and  Solidago  caesia  were  also  commonly  encountered.  During 
the  summer  and  fall  surveys,  many  of  the  same  species  were  found,  but  in  lower 
numbers.  Important  woody  species  of  this  region  were  seedlings  of  sugar  maple 
and  a  relatively  large  number  of  individuals  of  Hydrangea  arborescens.  Overall, 
similar  results  were  obtained  in  both  years,  with  slightly  higher  densities  found  in 
1989. 


At  the  present  time,  the  herbaceous  understory  in  most  parts  of  this 
woods  lacks  the  diversity  and  population  size  characteristic  of  many  forests  of 
east-central  Illinois  (Burns,  1986).  This  low  diversity  and  density  is  probably  the 
result  of  excessive  shading  and  nutrient  depletion  created  by  a  dense  sapling 
population  of  Acer  saccharum.  Many  of  the  herbaceous  species  of  oak 
woodlands  are  not  adapted  to  the  reduced  light  intensities  and,  perhaps,  the 
intensive  competition  associated  with  a  sugar  maple  dominated  forest.  These 
species  will  probably  disappear  as  the  oak  woods  are  converted  to  sugar  maple 
forests.  In  this  woods,  sugar  maple  saplings  and  large  seedlings  virtually  blanket 
the  understory.  As  indicated  by  Clapp  and  Ebinger  (1988)  and  Ebinger  (1988) 
sugar  maple  dominates  the  lower  diameter  classes  in  this  woods,  while  oaks  are 
found  mostly  in  the  larger  diameter  classes.  Also,  sugar  maple  has  a  high  gap- 
phase-replacement-potential,  so  as  these  larger  oaks  die,  sugar  maple  will 
increase  in  importance.  This  will  result  in  more  shading  of  the  herbaceous 
understory,  further  decreasing  diversity  and  density  of  the  herbaceous  layer.  It 
should  also  be  noted  that  sugar  maple  has  a  compensation  point  of  3.4%  of  full 
sunlight,  while  oaks  have  a  compensation  point  of  approximately  13.6%  (Burns, 
1923).  With  such  a  low  compensation  point  sugar  maple  is  easily  become 
established  in  the  understory. 
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Table  1.  Density  (plants/m  )  of  the  species  found  during  the  spring,  summer,  and 

fall  surveys  of  a  lowland  forest  dominated  by  mixed  hardwoods  at  the  Rocky 
Branch  Nature  Preserve,  Clark  County,  Illinois. 

SPECIES  SPRING  SUMMER  FALL 

1987  1989  1987  1989  1987  1989 


Dlcentra  cucullaria  (L. )  Bernh. 

Galium  concinnum  Torr.  &  Gray. 

Acer  saccharum  Marsh. 

Podophyllum  peltatum  L. 

A risaema  triphyllum  (L. )  Schott. 
Parthenocissus  quinquefolia  (L.)  Planch. 
Cystopteris  protrusa  (Weatherby)  Blasd. 
Carex  spp. 

Hydrangea  arborescens  L. 

Smilacina  racemosa  (L. )  Desf. 

Circaea  lutetiana  Aschers.  &  Magnus. 
Impatiens  capensis  Meerb. 

Ulmus  rubra  Muhl. 

Dentaria  laciniata  Muhl. 

Phlox  divaricata  L. 

Galium  aparine  L. 

Claytonia  virginica  L. 

Uvularia  grandif lora  Sm. 

Blephilia  hirsuta  (Pursh)  Benth. 

Cornus  florida  L. 

Polystichum  acrostichoides  (Michx.)  Schott 
Viola  sororia  Willd. 

Prunus  serotina  Ehrh. 

Toxicodendron  radicans  (L. )  Kuntze. 

Ostrya  virginiana  (Mill.)  K.  Koch. 

Quercus  alba  L. 

Dioscorea  villosa  L. 

Pilea  pumila  (L. )  Gray. 

Phegopteris  hexagonoptera  (Michx.)  Fee 
Epifagus  virginiana  (L. )  Bart. 

Others 


b .  X 

4.1 

0.1 

0.6 

— 

1.7 

0.4 

3.6 

0.8 

2.1 

0.8 

2.1 

0.3 

2.8 

4.4 

0.6 

0.2 

0.4 

— 

2.8 

2.5 

1.5 

0.8 

— 

— 

2.0 

0.8 

1.3 

— 

1.0 

0.4 

1.5 

2.3 

1.2 

1.4 

— 

0.4 

1.3 

— 

0.6 

— 

— 

0.4 

1.0 

1.1 

0.8 

0.1 

0.7 

0.3 

0.8 

0.9 

0.3 

— 

0.2 

0.1 

0.8 

0.8 

0.1 

— 

— 

— 

0.8 

— 

0.1 

— 

— 

— 

0.7 

0.1 

0.4 

— 

0.5 

— 

0.7 

0.1 

— 

— 

— 

— 

0.5 

— 

0.2 

— 

— 

— 

0.5 

0.5 

0.4 

— 

0.2 

— 

0.1 

— 

0.4 

0.4 

0.3 

0.3 

0.3 

0.4 

0.6 

0.3 

0.3 

0.7 

— 

— 

0.1 

0.3 

0.3 

2.5 

— 

0.7 

— 

1.4 

0.2 

0.3 

0.1 

— 

0.1 

0.3 

0.2 

0.8 

0.1 

0.3 

0.1 

0.4 

0.1 

0.1 

0.2 

— 

0.2 

— 

0.1 

0.9 

0.1 

— 

0.1 

0.3 

— 

— 

1.0 

— 

0.1 

— 

— 

— 

0.1 

0.2 

0.1 

0.1 

0.5 

0.1  0.5  0.3  1.0  0.3  0.3 


19.6  12.9  5.8  8.1  6.3 


Totals 


32.3 
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Table  2.  Density  (plants/m  )  of  the  species  found  during  the  spring,  summer,  and 

fall  surveys  of  a  wooded  upland  dominated  by  white  oak  at  the  Rocky  Branch 
Nature  Preserve,  Clark  County,  Illinois. 

SPECIES  SPRING  SUMMER  FALL 

1987  1989  1987  1989  1987  1989 


A rlsaema  triphyllum  (L.)  Schott. 
Podophyllum  peltatum  L. 

Smllaclna  racemosa  (L.)  Desf. 

Circaea  lutetlana  Aschers.  &  Magnus. 
Parthenocissus  quinquef ol ia  (L. )  Planch. 
Arisaema  dracontium  (L.)  Schott. 

Acer  saccharum  Marsh. 

Viola  sororia  Willd. 

Galium  concinnum  Torr.  &  Gray. 

Claytonia  virginica  L. 

Geranium  maculatum  L. 

Queccus  alba  L. 

Car  ex  spp. 

Smilax  lasioneuron  Hook. 

Eupatorium  rugosum  Houtt. 

Toxicodendron  radicans  (L.)  Kuntze. 

Ulmus  rubra  Muhl. 

Prunus  serotina  Ehrh. 

Fraxinus  sp. 

Uvularia  grandif lora  Sm. 

Others 


Totals 


6.9 

6.1 

3.5 

1.2 

— 

— 

5.1 

1.1 

0.4 

0.4 

— 

— 

2.1 

1.8 

0.8 

0.7 

0.5 

— 

1.2 

0.2 

— 

— 

— 

— 

0.7 

0.6 

0.8 

— 

0.4 

0.9 

0.7 

0.4 

0.6 

0.4 

— 

— 

0.4 

0.5 

0.2 

1.3 

1.3 

1.2 

0.4 

0.1 

— 

— 

— 

— 

0.3 

0.4 

0.3 

0.2 

0.4 

— 

0.2 

0.2 

0.2 

— 

0.2 

0.4 

0.2 

— 

0.2 

0.1 

— 

— 

— 

0.2 

0.1 

— 

0.4 

— 

0.1 

0.1 

0.1 

— 

— 

0.2 

— 

— 

0.1 

— 

0.2 

— 

0.2 

— 

0.1 

0.9 

0.3 

— 

0.5 

0.3 

0.1 

0.1 

— 

— 

0.1 

0.4 

-- 

— 

1.3 

1.0 

0.5 

1.9 

— 

— 

0.1 

— 

0.1 

0.2 

0.2 

0.2 

0.1 

0.2 

0.3 

1.2 

19.3 

12.5 

9.2 

6.0 

4.6 

6.4 

19 


2 

Table  3.  Density  (plants/m  )  of  the  species  found  during  the  spring,  summer,  and 
fall  surveys  of  a  north  facing,  wooded  hillside  dominated  by  sugar  maple 
at  the  Rocky  Branch  Nature  Preserve,  Clark  County,  Illinois. 

SPECIES  SPRING  SUMMER  FALL 

1987  1989  1987  1989  1987  1989 


Hepatlca  nobilis  Mill. 

A risaema  trlphyllum  (L.)  Schott. 
Podophyllum  peltatum  L. 

Acer  saccharum  Marsh. 

Polystlchum  acrostichoides  (Michx.)  Schott. 
Solidago  caesia  L. 

Hydrangea  arborescens  L. 

Cystopterls  protrusa  (Weatherby)  Blasd. 
Smilacina  racemosa  (L.)  Desf. 

Fraxinus  sp. 

Toxicodendron  radicans  (L.)  Kuntze. 

Dicentra  cucullaria  (L.)  Bernh. 

Circaea  lutetiana  Aschers.  &  Magnus. 

Ostrya  virginiana  (Mill.)  K.  Koch. 

Cornus  florida  L. 

Parthenocissus  quinque folia  (L. )  Planch. 
Quercus  alba  L. 

Aster  drummondii  Lindl. 

Sanicula  gregaria  Bickn. 

Others 


Totals 


5.2 

5.3 

1.2 

0.7 

2.1 

2.9 

4.7 

1.9 

1.0 

0.4 

— 

— 

3.1 

0.9 

0.2 

1.4 

— 

— 

1.5 

2.1 

1.3 

1.5 

1.7 

1.4 

1.4 

4.6 

1.1 

1.6 

1.7 

1.1 

1.3 

2.8 

0.7 

0.7 

0.5 

2.5 

1.0 

1.8 

0.7 

0.6 

0.4 

1.0 

0.7 

2.3 

0.4 

1.3 

0.1 

0.5 

0.5 

0.3 

0.3 

— 

0.1 

0.3 

0.2 

— 

0.3 

0.3 

0.2 

0.3 

0.8 

0.4 

— 

— 

0.2 

0.7 

0.1 

0.4 

0.3 

— 

0.6 

— 

— 

0.6 

0.8 

— 

— 

0.3 

— 

0.1 

— 

0.3 

— 

— 

— 

— 

— 

0.3 

— 

— 

— 

— 

— 

0.3 

— 

— 

0.6 

0.5 

“  — 

0.4 

—  — 

0.5 

1.3 

25.6 

8.3 

9.4 

7.7 

10.0 
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ABSTRACT 

An  inventory  of  the  woody  vegetation  of  a  6.5  ha  section  of  a  mesic  sand  forest  in 
Mason  County,  Illinois,  gave  a  stand  composition  of  247.5  stems/ha  (above  10  cm 
dbh),  and  a  basal  area  of  16.1  sq  m/ha.  A  total  of  21  woody  species  were  present 
on  the  site  with  black  oak  comprising  84%  of  the  basal  area,  61%  of  the  total 
individuals,  and  with  an  importance  value  (IV)  of  144.9  (out  of  200).  Black  hickory 
ranked  second  (IV  of  22.6)  accounting  for  16%  of  the  individuals  and  6%  of  the 
basal  area.  Blackjack  oak  and  mockernut  hickory  were  third  and  fourth  in 
importance  with  IV's  of  15.0  and  10.9,  respectively.  Most  of  the  overstory 
species  were  relatively  evenly  distributed  throughout  the  woods  except  for 
blackjack  oak  which  had  a  clumped  distribution,  being  limited  to  the  margins  of 
small  clearings. 


INTRODUCTION 

Few  overstory  inventories  have  been  undertaken  in  the  oak-hickory  sand  forests 
of  Illinois.  Rodgers  and  Anderson  (1979),  in  a  study  of  presettlement  vegetation 
of  McLean  and  Mason  Counties,  concluded  that  the  closed  forests  associated 
with  the  sandy  soils  of  this  area  were  dominated  by  black  oak,  blackjack  oak,  and 
hickory  species.  Later,  Adams  and  Anderson  (1980),  in  studying  the  responses 
of  forest  species  to  a  moisture  gradient,  concluded  that  blackjack  oak  and  black 
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oak  were  the  dominant  forest  species  occurring  on  upland  sandy  sites,  such  as 
those  located  in  Mason  County.  More  recently,  McDowell  et  al.  (1983),  in  a  study 
of  several  dry  and  dry-mesic  sand  savannahs  in  the  Kankakee  Sand  Area  Section 
(Schwegman  1973),  concluded  that  black  oaks,  along  with  a  few  white  oaks, 
dominate  these  northeastern  Illinois  sites. 

The  present  study  was  conducted  on  a  6.5  ha  tract  of  oak-hickory  sand  forest 
known  as  Bishop’s  Woods.  This  woods,  located  in  the  southern  part  of  Sand 
Ridge  State  Forest,  is  approximately  2  miles  west  of  Forest  City,  Mason  County, 
Illinois  (SE1/4  Sec  10,  SW1/4  Sec  11,  NW1/4  Sec  14,  NE1/4  Sec  15,  T22N, 
R7W).  The  study  site  is  in  the  Illinois  River  Section,  Illinois  River  and  Mississippi 
River  Sand  Areas  Natural  Division  (Schwegman,  1973),  and  represents  a  remnant 
of  a  much  larger  woods  that  occurred  on  stabilized  sand  dunes  in  Mason  County 
before  settlement  by  European  man  (Rodgers  and  Anderson,  1979).  The 
present  study  was  undertaken  to  determine  the  floristic  composition  and 
structure  of  this  forest. 


MATERIALS  AND  METHODS 

During  the  summer  of  1989,  a  6.5  ha  (16  acres)  section  of  Bishop's  Woods  was 
surveyed.  The  area  was  divided  into  quadrats  25  m  on  a  side  (0.154  acres),  and 
the  number,  size  and  species  of  all  living  and  dead-standing  trees  (above  10  cm 
dbh)  were  recorded  for  each  of  the  104  quadrats.  The  relative  dominance, 
relative  density  and  importance  value  (IV)  were  then  calculated  for  each  species 
encountered.  The  procedure  for  IV  determination  follows  that  developed  by 
McIntosh  (1957)  and  later  by  Boggess  (1964),  which  is  the  sum  of  the  relative 
density  and  relative  dominance.  The  average  diameter,  density  (#/ha)  in  broad 
diameter  classes,  and  basal  area  (sq  m/ha)  were  also  calculated  for  each  species. 

Nested  circular  plots  0.0001 , 0.001 ,  and  0.01  ha  in  size  were  randomly  located  in 
each  of  the  104  quadrats.  In  the  0.0001  ha  plot  seedlings  <40  cm  in  height  were 
recorded,  in  the  0.001  ha  plot  seedlings  >40  cm  in  height  but  <2.5  cm  dbh  were 
recorded,  and  in  the  0.01  ha  plot  saplings  (2.5-10.0  cm  dbh)  were  recorded  and 
their  densities  (#/ha)  determined.  Nomenclature  follows  Mohlenbrock  (1986). 

Randomly  located  throughout  the  site  five  soil  pits  were  dug  to  determine  the 
depth  of  the  A  horizon.  From  each  of  these  pits,  soil  samples  were  taken  from 
both  the  A  and  B  horizons  for  determination  of  soil  texture  and  pH.  Soil  texture 
was  determined  using  the  Bouyoucos  hydrometer  method  (Bouyoucos,  1962), 
while  soil  pH  was  obtained  using  a  Corning  pH  meter,  Model  7. 

RESULTS  AND  DISCUSSION 

A  total  of  21  woody  species  were  recorded  in  the  woodlot,  10  canopy  trees  and 
11  understory  trees  and  shrubs.  The  canopy  species  encountered,  along  with 
their  densities  in  broad  diameter  classes  and  basal  area  per  ha,  relative  values, 
IV's,  and  average  diameters  are  listed  in  Table  1,  while  the  understory  shrubs, 
along  with  their  densities  (#/ha)  appear  in  Table  2. 
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Canopy 

Of  the  species  encountered,  Quercus  velutina  (black  oak)  ranks  first  in  IV  with  the 
highest  relative  dominance  and  relative  density.  It  accounts  for  61%  of  the 
individuals,  84%  of  the  basal  area  (sq  m/ha),  and  is  the  dominant  species 
throughout  the  woods.  It  dominants  all  diameter  classes,  with  large  numbers  of 
individuals  in  the  smaller  diameter  classes.  It  ranks  second  in  the  number  of 
seedlings  present,  and  fifth  in  saplings  (Table  1). 

Carya  texana  (black  hickory)  ranks  second  in  the  overstory  with  a  IV  of  22.6,  is 
common  throughout  the  woods,  accounting  for  16%  of  the  individuals,  and  6%  of 
the  basal  area.  It  has  a  large  number  of  individuals  in  the  lower  diameter  classes, 
few  large  trees,  and  no  individuals  above  50  cm  dbh.  Also,  it  is  well  represented 
in  the  seedling  and  sapling  categories  (Table  1).  The  large  number  of  seedlings, 
saplings,  and  smaller  diameter  trees  of  this  species,  suggests  that  black  hickory 
will  probably  increase  in  importance  in  the  future.  This  large  number  of  small 
diameter  individuals  is  possibly  the  result  of  the  suppression  of  periodic  fires 
which  would  cause  high  mortality  in  this  thin  barked  species. 

Quercus  marilandica  (blackjack  oak)  has  an  IV  of  15.0,  ranking  third  in  importance, 
accounting  for  only  10%  of  the  individuals,  and  5%  of  the  basal  area.  Blackjack 
oak  has  few  individuals  in  the  larger  diameter  classes,  but  is  well  represented  by 
small  diameter  trees.  Few  seedlings  and  saplings  of  this  species  were 
encountered  when  compared  with  black  oak  and  black  hickory.  Also,  it  has  a 
clumped  distribution  in  the  woods,  commonly  being  found  at  the  margins  of  small 
openings.  These  openings  are  usually  less  then  1/4  ha  in  size,  have  a  sand  soil 
with  little  organic  material,  and  are  dominated  by  Opuntia  humifusa  (Raf.)  Raf. 
(prickly  pear)  and  other  xeric,  prairie  species. 

Carya  tomentosa  (mockernut  hickory)  ranks  fourth  in  importance  with  a  IV  of  10.9, 
comprising  8%  of  the  individuals,  and  only  3%  of  the  basal  area.  The  majority  of 
the  individuals  of  this  species  occur  in  the  lower  diameter  classes,  and  it  is 
relatively  well  represented  in  the  seedling  and  sapling  categories. 

The  other  canopy  species  are  of  only  minor  importance  in  the  woods  with  a 
combined  IV  of  6.6.  Robinia  pseudoacacia  (black  locust),  with  an  IV  of  3.3,  is 
restricted  to  the  lower  diameter  classes,  and  is  mostly  found  in  areas  where  past 
tree-falls  have  created  canopy  openings.  Prunus  serotina  (black  cherry)  is  also 
restricted  to  canopy  openings,  though  it  is  well  represented  throughout  the 
woods  by  numerous  seedlings  and  saplings  (Table  1).  The  remaining  six  species 
are  only  rarely  encountered. 

Coppice  Growth 

Multiple  stemmed  trees  are  common  in  the  woodlot,  averaging  10.2  coppice 
trees/ha,  with  an  average  of  22.5  stems/ha,  and  a  basal  area  of  1.4  sq  m/ha.  Of 
the  five  species  exhibiting  coppice  growth,  black  oak  ranks  first  with  8.3  trees/ha, 


23 


an  average  of  2.2  stems/tree,  and  an  average  diameter  for  each  stem  of  29.6  cm 
dbh.  Black  oak  accounts  for  82%  of  all  coppice  trees,  and  93%  of  their  basal  area. 
In  contrast,  blackjack  oak  averages  1 .2  coppice  trees/ha  with  each  stem  averaging 
15.0  cm  dbh.  Other  species  with  coppice  individuals  are  black  hickory, 
mockernut  hickory  and  black  locust.  These  three  species  are  of  minor  importance 
in  terms  of  coppice  growth,  since  they  account  for  only  6%  of  the  coppice  trees, 
and  4%  of  their  basal  area.  The  extent  of  coppice  growth  in  these  woods  is 
probably  due  to  past  fires. 

Tree  Mortality 

Tree  mortality  is  a  fairly  high,  averaging  28.5  dead  standing  trees/ha,  with  an 
average  diameter  of  28.2  cm  dbh,  and  a  basal  area  of  2.2  sq  m/ha.  Black  oak,  as 
expected,  has  the  highest  mortality  with  24.1  dead  trees/ha,  and  with  an  average 
diameter  of  29.9  cm  dbh.  This  species  accounts  for  85%  of  the  dead  trees,  and 
94%  of  their  basal  area.  Blackjack  oak  has  the  second  highest  mortality  with  3.7 
dead  trees/ha,  and  with  an  average  diameter  of  18.8  cm  dbh.  A  few  dead 
individuals  of  black  hickory  are  also  found  in  the  woodlot. 

Shrubs 

Nine  shrubs  were  encountered  in  the  understory  (Table  2).  Toxicodendron 
radicans  (poison  ivy),  Rhus  aromatica  (fragrant  sumac),  Zanthoxylum  americanum 
(prickly  ash),  and  Cornus  racemosa  (gray  dogwood)  are  the  most  common, 
accounting  for  more  than  80%  of  the  stems  in  the  dense  understory.  These 
species,  as  well  most  of  the  others  encountered,  are  common  in  dry  to  dry-mesic 
forest  areas.  Fragrant  sumac  commonly  forms  dense,  low  thickets  in  more  open 
parts  of  the  woods,  while  prickly  ash  and  gray  dogwood  are  common  under  a 
dense  overstory.  Poison  ivy  probably  reaches  its  maximum  importance  in  mesic 
forested  areas  and,  according  to  Adams  and  Anderson  (1980)  is  the  most 
numerous  shrub  in  all  forest  types  in  central  Illinois. 

Soils 

The  soils  of  this  woodlot  are  extremely  sandy  and  acidic.  The  A  horizon 
throughout  the  woodlot  has  a  average  depth  of  8.0  (6. 5-9. 5)  cm  with  an  average 
pH  of  5.1  (4. 2-5. 7),  while  the  B  horizon  is  also  acidic  with  a  pH  of  4.8  (4. 4-5. 4), 
being  slightly  more  acidic  than  the  A  horizon.  Both  the  A  and  B  horizons  have 
similar  soil  texture  with  sand  being  the  major  component.  The  A  horizon  has  an 
average  soil  texture  of  88.8%  sand,  3.3%  silt  and  7.9%  clay,  while  the  B  horizon 
has  an  average  soil  texture  of  91.1%  sand,  2.1%  silt  and  6.8%  clay.  These  results 
are  similar  to  those  of  Adams  and  Anderson  (1980)  who  reported  that  sites  in  the 
sand  areas  along  the  Illinois  River  have  soils  that  varied  in  texture  from  92-100% 
sand. 


24 


CONCLUSIONS 

The  results  of  this  study  tend  to  indicate  that  this  forest  is  a  relatively  high  quality 
example  of  the  closed  forests  associated  with  the  sand  dunes  of  the  Illinois  River 
Sand  Area  Section.  In  a  study  of  the  presettlement  vegetation  of  McLean  and 
Mason  Counties,  Rodgers  and  Anderson  (1979)  concluded  that  the  closed 
forests  associated  with  the  sand  dunes  in  Mason  County,  were  dominated  by 
black  oak  (IV  1 18.31),  blackjack  oak  (IV  18.35)  and  hickory  spp.  (IV  21.81).  Their 
results  are  very  similar  to  the  IV’s  for  black  oak  (144.9),  blackjack  oak  (15.0),  and 
black  hickory  (22.6)  found  in  the  present  study.  They  also  suggested  that  these 
closed  forests  seem  to  be  fairly  stable  in  composition,  since  the  relatively  shade- 
intolerant  dominant  species  tend  to  reproduce  themselves  due  to  the  lack  of 
competition  in  extremely  xeric  conditions,  and  the  periodic  burns  which  keep  the 
canopy  open.  The  fact  that  black  oak  and  black  hickory  have  a  large  number  of 
individuals  in  the  lower  diameter  classes,  and  sufficient  seedling  and  saplings  for 
future  replacement  of  veteran  trees,  tends  to  support  these  findings. 

More  recently,  Adams  and  Anderson  (1980)  reported  that  upland  sites  on  water- 
deposited,  wind-worked  sands  along  the  Illinois  River  were  dominated  by 
blackjack  oak  and  black  oak  with  black  hickory  and  mockernut  hickory  the  third  and 
fourth  leading  species  in  the  upper  canopy  on  xeric  sites.  These  workers  also 
found  that  the  dominant  saplings  were  black  hickory  (81.3  #/ha),  black  oak  (40.0 
#/ha),  mockernut  hickory  (28.0  #/ha),  and  blackjack  oak  (27.3  #/ha),  and  that 
these  four  species,  with  the  addition  of  black  cherry,  are  the  important  species  in 
the  seedling  stratum  as  well.  The  results  of  the  present  study  are  similar  to  those 
found  by  Adams  and  Anderson  (1980)  except  that  there  were  significantly  more 
seedlings  and  saplings  found.  Adams  and  Anderson  (1980)  also  suggest  that 
the  basal  area  of  these  xeric  sites  averages  17.7  sq  m/ha.  The  average  basal  area 
found  in  the  present  study  tends  to  support  their  findings,  with  16.1  sq  m/ha. 
Furthermore,  Adams  and  Anderson  (1980)  suggested  that  these  xeric  sites  are 
characterized  by  a  few  dominant  tree  species,  resulting  in  low  diversity,  and  that 
diversity  increases  in  the  seedling  stratum  due  to  the  addition  of  three 
mesophytic  species  (hackberry,  American  elm  and  black  cherry)  that  are  not 
found  in  the  tree  or  sapling  stratum.  During  the  present  study  two  of  these 
species  were  sometimes  encountered,  while  black  cherry  was  a  common 
component  of  both  the  seedling  and  sapling  layer. 
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Table  1.  Densities  (#/ha),  diameter  classes,  basal  areas  (sq  m/ha),  relative  values,  importance  values  and  average 

diameters  of  the  woody  species  in  Bishop’s  Woods  a  mesic  sand  forest  located  near  Forest  City  Mason  County 
Illinois. 
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Table  2.  Density  (#/ha)  of  the  shrub  species  encountered 
in  Bishop’s  Woods  a  mesic  sand  forest  located 
near  Forest  City,  Mason  County,  Illinois. 

INDIVIDUALS 

SPECIES  PER  HA 


Toxicodendron  radicans  (L.)  Kuntze.  7788 
Rhus  aromatica  Ait.  7259 
Zanthoxy lum  amer i canum  Mi  1 1 .  6144 
Cornus  racemosa  Lam.  3990 
Ribes  missouriense  Nutt.  442 
Ptelea  trifoloata  L.  509 
Prunus  vi rginiana  L.  212 
Cory  1  us  americana  Walt.  96 
Amorpha  canescens  Pursh.  48 


Total 


26488 
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ABSTRACT 

Lovets  Pond  is  a  wetland  ecosystem  located  in  the  Mississippi  River  floodplain  of 
Jackson  County,  Illinois.  Systematic  collecting  of  the  vascular  flora  at  the  site 
reveal  328  species,  subspecies,  and  varieties,  representing  199  genera  and  86 
families.  Six  natural  community  types  are  found  in  the  60  ha  ecosystem:  pond, 
shrub  swamp,  true  swamp,  marsh,  wet-mesic  floodplain  forest,  and  successional 
field.  The  pond,  shrub  swamp,  true  swamp,  and  marsh  communities  at  the  site 
are  rare  in  the  region.  The  present  natural  character  of  Lovets  Pond  is  similar  to 
the  earliest  known  presettlement  descriptions.  The  rarity  of  the  wetland 
community  types  and  the  high  natural  quality  of  the  site  are  two  major  factors  in 
distinguishing  Lovets  Pond  as  a  valuable  natural  resource  for  the  region. 

INTRODUCTION 

North  of  the  coastal  floodplain  and  south  of  the  confluence  of  the 
Mississippi  and  Missouri  rivers  is  the  broad  Mississippi  River  floodplain,  historically 
referred  to  as  the  "American  Bottoms."  Lovets  Pond  is  one  of  a  small  number  of 
natural  pond  ecosystems  still  extant  in  this  vast  floodplain.  The  almost  complete 
elimination  of  the  once  common  wetlands  in  this  region  is  due  largely  to 
extensive  wetland  drainage  and  land  clearing  for  agricultural  use.  The  only  other 
significant  natural  ponds  that  remain  are  at  the  Larue  Swamp-Wolf  Lake  region  in 
Union  County  and  at  the  Levee  Lake  site  in  Alexander  County.  Prior  to  this 
study,  the  Lovets  Pond  site  in  Jackson  County  had  received  little  attention  from 
biologists,  and  the  flora  at  the  site  had  never  been  systematically  surveyed. 

The  primary  objectives  of  this  study  are  to  compile  a  comprehensive  list 
of  the  vascular  flora  found  at  Lovets  Pond,  to  report  a  representative  habitat  for 
each  taxon,  and  to  qualitatively  describe  the  natural  communities  at  the  site. 


28 


29 


THE  STUDY  AREA 

Lovets  Pond  is  located  approximately  10  km  from  the  Mississippi  River, 
near  the  mideastern  border  of  Jackson  County,  Illinois.  The  boundary  of  the 
study  area  was  established  to  include  all  natural  communities  associated  with  the 
pond  proper  (Fig.  1).  The  pond  proper  occupies  about  25  ha;  the  surrounding 
floodplain  forest,  swamp,  and  marsh  increase  the  ecosystem  to  approximately  60 
ha.  The  natural  community  complex  is  completely  surrounded  by  farmland.  The 
Kinkaid  Hills  are  0.8  km  to  the  north  of  the  pond  and  are  the  source  of  three 
intermittent  streams  that  enter  the  study  area.  When  water  levels  are  high,  the 
pond  drains  into  Glenn  Creek  at  the  southwestern  end  of  the  site. 

The  Mississippi  Valley  region  encompassing  Lovets  Pond  was  classified 
by  Schwegman  (1973)  as  the  Southern  Section  of  the  Lower  Mississippi  River 
Bottomlands  Division.  The  section  was  historically  characterized  by  a  broad 
alluvial  floodplain  with  river  meander  scars,  oxbow  lakes,  natural  levees,  and 
terrace  remnants.  Lovets  Pond  is  located  in  one  of  the  abandoned  meander 
bends  of  the  Mississippi  River  at  approximately  109  m  above  sea  level  (Harris  et 
al. ,  1977).  A  linear  ridge  at  the  111-m  contour  parallels  the  pond  to  the  north. 
Slightly  higher  ground  separates  the  linear  ridge  from  the  adjacent  Kinkaid  Hills. 

The  study  area  is  underlain  by  limestone  of  Mississippian  age  (Willman  et 
al.,  1967).  The  parent  material  at  the  site  is  alluvium,  primarily  clay  and  silt.  The 
Darwin,  Hurst,  Birds,  Karnak,  and  Cairo  series  of  soils  occur  on  the  site.  The  soils 
are  poorly  drained,  silty  clays  to  a  depth  of  approximately  1.5  m  (Soil  Survey  of 
Jackson  County,  Illinois,  1979). 

The  climate  of  the  region  is  temperate  with  a  mean  annual  temperature  of 
13.8°C  at  Carbondale,  approximately  25  km  east  of  the  study  area  (Soil  Survey  of 
Jackson  County,  Illinois,  1979).  The  coldest  month  is  usually  January  with  an 
average  temperature  of  0.7°C.  July,  with  an  average  temperature  of  25.6°C,  is 
the  warmest  month.  The  mean  annual  precipitation  is  107.8  cm,  with  an  average 
of  7  cm  in  January,  the  driest  month,  and  11.7  cm  in  May,  the  wettest  month. 
There  is  an  average  of  186  frost-free  days. 

The  presettlement  vegetation  of  the  Lovets  Pond  area  can  be  partially 
reconstructed  using  the  eyewitness  descriptions  of  the  landscape  recorded  in 
the  Public  Land  Survey  field  notebooks  (Public  Land  Survey  1804-1850). 
According  to  the  surveyors  of  1807-1810,  the  immediate  vicinity  of  Lovets  Pond 
was  dominated  by  an  interconnecting  network  of  lakes,  ponds,  and  swamps  (Fig. 
2).  The  ponds  and  lakes  were  flat-bottomed,  relatively  shallow  in  most  areas,  and 
open  with  little  or  no  timber.  Dense,  shrubby  thickets  were  prevalent  along  the 
edges.  On  the  land  adjoining  the  ponded  areas  were  wet  woods  and  swamps, 
where  periodic  flooding  probably  had  considerable  influence  on  the  structure 
and  composition  of  timber.  Bottomland  timber  was  reported  to  be  primarily  ash 
( Fraxinus  sp.),  elm  (Ulmus  sp.),  pin  oak  (Quercus  palustris),  overcup  oak 
( Quercus  lyrata),  hackberry  (Celtis  occidentalis),  hickory  (Cary a  sp.),  maple  ( Acer 
sp.)  and  locust  ( Gleditsia  sp.).  Common  understory  species  identified  were 
ironwood  (probably  Carpinus  caroliniana),  spice  (Lindera  benzoin  or  Sassafras 
albidum)  and  pawpaw  ( Asimina  triloba).  Dividing  the  low,  wet  areas  were  slightly 
higher  linear  ridges,  characterized  by  dense  growths  of  timber  and  impassible 
underbrush. 
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Today  the  natural  vegetation  at  Lovets  Pond  represents  an  isolated 
island  refuge  in  a  vast  expanse  of  cornfields.  The  extensive  natural  wetland  that 
was  continuous  with  Lovets  Pond  has  been  extirpated  by  human  activity. 
Fortunately,  the  remaining  small  wetland  does  not  show  the  direct  effects  of 
extensive  agricultural  encroachment;  the  water  is  clear,  the  aquatic  vegetation  is 
dense,  and  the  bottom  is  firm.  The  pond's  close  proximity  to  the  Kinkaid  Hills 
watershed  and  the  presence  of  better-drained  soils  to  the  immediate  north  are 
two  factors  that  have  probably  helped  prevent  a  heavy  silt  load  from  entering  the 
pond. 


METHODS  AND  MATERIALS 

A  comprehensive  plant  list  was  compiled  by  traversing  the  study  area  and 
collecting  a  representative  specimen  of  each  vascular  taxon  encountered.  After 
preliminary  identification  in  the  field,  the  specimens  were  pressed,  dried,  and  a 
final  determination  made  later  in  the  laboratory.  The  habitat  and  general 
abundance  of  each  taxon  were  noted  in  the  field.  The  study  site  was  visited 
about  twice  a  week  during  the  1985  growing  season;  periodic  trips  were  made 
again  during  the  1986  season  but  less  frequently.  Voucher  specimens  were 
deposited  in  the  herbarium,  Department  of  Botany,  Southern  Illinois  University  at 
Carbondale,  and  in  the  author’s  personal  collection. 

RESULTS  AND  DISCUSSION 

The  known  vascular  flora  of  the  Lovets  Pond  study  area  consists  of  328 
species,  subspecies,  and  varieties  representing  199  genera  and  86  families. 
Included  are  4  pteridophytes,  96  monocots,  and  228  dicots.  The  4  largest 
families,  the  Asteraceae  (39  species),  Poaceae  (36),  Cyperaceae  (30),  and 
Polygonaceae  (11)  account  for  35%  of  the  species.  Carex  is  the  largest  genus 
with  20  species,  followed  by  Polygonum  (8),  and  Bidens  (6).  The  60  woody 
species,  including  33  trees,  18  shrubs  and  small  trees,  and  9  woody  vines,  make 
up  18%  of  the  flora.  Thirty-eight  (12%)  of  the  total  number  of  species  are 
nonnative;  however,  most  of  these  were  collected  from  narrow,  disturbed 
habitats  at  the  periphery  of  the  study  area. 

Eleven  plant  species  designated  as  rare  or  very  rare  in  Illinois  by 
Mohlenbrock  (1986)  are  found  at  Lovets  Pond:  Ammannia  auriculata ,  Aster 
prenanthoides,  Carex  louisianica,  Carex  socialis,  Fraxinus  profunda,  Gleditsia 
aquatica,  Limnobium  spongia,  Penstemon  alluviorum,  Poa  angustifolia, 
Ranunculus  carolinianus,  and  Rorippa  islandica.  At  the  time  of  collection,  five  of 
these  species  (Aster  prenanthoides,  Carex  lousianica,  Carex  socialis, 
Penstemon  alluviorum,  and  Poa  angustifolia)  were  previously  unreported  from 
Jackson  County,  Illinois  (Mohlenbrock  and  Ladd,  1978).  Additionally,  two 
species  not  rare  in  the  state,  Decodon  verticillatus  and  Triadenum  waited,  were 
new  records  for  the  county.  Carex  socialis  was  listed  by  White  (1978)  as  an 
"exceptional  feature."  Elements  given  this  designation  are  considered  very  rare 
in  Illinois  and  add  significantly  to  the  natural  quality  of  an  area.  The  occurrence  of 
Aster  prenanthoides  at  Lovets  Pond  is  approximately  300  km  south  of  the 
nearest  known  Illinois  location. 
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Based  on  a  natural  classification  scheme  for  Illinois  developed  by  White 
and  Madany  (1978),  six  communities  are  present  within  the  study  area:  pond, 
shrub  swamp,  true  swamp,  marsh,  wet-mesic  floodplain  forest,  and  successional 
field.  The  successional  field  and  floodplain  forest  communities  are  extremely 
common  in  the  Lower  Mississippi  River  Bottomlands  Division.  The  wetland 
communities  (marsh,  true  swamp,  shrub  swamp,  and  pond)  are  all  extremely  rare. 
Of  the  157,000  total  ha  in  the  division,  no  high  quality  swamp  or  marsh 
communities  and  only  75  ha  of  high  quality  pond  and  shrub  swamp  communities 
were  documented  as  extant  in  a  1976  survey  (White,  1978). 

A  pond  community  is  defined  as  a  small,  still,  permanent  body  of  water 
usually  shallow  enough  to  allow  rooted  aquatic  plants  across  most  of  it  (White 
and  Madany,  1978).  Ponds  are  distinguished  from  other  wetlands  by  the  general 
lack  of  emergent  woody  or  graminoid  vegetation.  The  pond  community  in  the 
Lovets  Pond  study  area  is  characterized  by  a  broad  area  of  "open  water" 
dominated  by  Nuphar  luteum  ssp.  macrophyllum.  Distributed  randomly  within  the 
Nuphar  are  dense  mats  of  Polygonum  amphibium  and  Polygonum 
hydropiperoides.  Floating  plants,  including  a  rich  variety  of  duckweeds,  are 
increasingly  apparent  in  the  pond  as  the  summer  season  progresses.  The 
floating  assemblage  is  composed  of  Azolla  mexicana,  Lemna  minor,  Lemna 
obscura,  Limnobium  spongia,  Spirodela  polyrhiza,  Wolffia  braziliensis,  Wolff ia 
Columbiana,  and  Wolffiella  gladiata.  Submerged  close  to  the  surface  in  most 
areas  of  the  pond  is  a  dense  layer  of  Ceratophyllum  demersum.  Extending 
irregularly  into  the  ponded  zone  is  the  shrubby  Cephalanthus  occidentalis. 

A  shrub  swamp  community  is  a  body  of  water  dominated  by  woody  plants 
consisting  of  at  least  50%  coverage  by  shrubs  and  less  than  20%  coverage  by 
trees  (White  and  Madany,  1978).  The  shrub  swamp  community  at  Lovets  Pond 
forms  a  dense  thicket  around  the  ponded  zone.  Standing  water  is  present 
throughout  this  community  most  of  the  year.  Cephalanthus  occidentalis  is  the 
dominant  shrub  species  in  this  community.  Shrubby  species  occasionally 
associated  with  the  Cephalanthus,  particularly  in  the  shallow  water  areas,  are  Ilex 
decidua,  Cornus  stolonifera,  Carpinus  caroliniana,  and  Salix  rigida.  Salix  nigra  is  a 
conspicuous  tree  species  scattered  throughout. 

Very  little  herbaceous  growth  is  found  below  the  heavily  shaded  shrub 
thicket.  A  number  of  herbaceous  species  are  found,  however,  in  scattered 
openings  in  the  brush,  including  Alisma  p! ant  ago -aquatic  a  var.  parviflorum,  Carex 
grayi,  Iris  shrevei,  Mimulus  alatus,  Nuphar  luteum  ssp.  macrophyllum,  Peltandra 
virginica,  Polygonum  pensylvanicum  var.  laevigatum,  Polygonum  punctatum,  and 
Rumex  verticillatus.  Less  commonly  encountered  plant  species  found  in  these 
openings  are  Carex  crinita,  Carex  louisianica,  and  Penstemon  alluviorum.  As  the 
summer  season  progresses,  floating  plants  (primarily  duckweeds)  dominate  on 
the  water's  surface,  as  is  the  case  in  all  wetland  communities  at  Lovets  Pond.  An 
almost  monotypic  band  of  Saururus  cernuus  grows  in  shallow  water  or  muddy 
ground  at  the  periphery  of  the  shrub  swamp  community. 

A  true  swamp  community  is  defined  by  White  and  Madany  (1978)  as  a 
forested,  permanent  or  semipermanent  body  of  water.  The  true  swamp  at  Lovets 
Pond  is  only  about  2  ha  in  size  and  closely  borders  the  shrub  swamp  and  pond 
communities  at  the  site.  The  trees  are  young  to  mature  in  age;  numerous  fallen 
trees  and  logs  are  scattered  on  the  swamp  floor.  Shallow  water  was  present  in 


32 


the  community  during  most  of  the  year  in  1985  and  1986.  An  assemblage  of 
water-tolerant  tree  species  characterize  the  true  swamp:  Acer  rubrum,  Fraxinus 
profunda ,  Gleditsia  aquatica,  Populus  heterophylla,  and  Salix  nigra.  In  shallow 
water  or  muddy  ground  Quercus  palustris  is  common.  Two  shrubs  occurring 
occasionally  in  the  true  swamp  are  Cephalanthus  occidentalis  and  ilex  decidua. 

The  understory  of  the  true  swamp  is  dominated  by  dense  stands  of 
Peltandra  virginica  about  1 .5  m  in  height.  Other  herbaceous  species  associated 
with  the  Peltandra  include  Alisma  plantago-aquatica  var.  parviflorum,  Bidens 
cernua,  Decodon  verticillatus,  Rumex  verticillatus,  and  Saururus  cernuus.  Iris 
shrevei occurs  in  small  monotypic  colonies  in  some  areas.  Cuscuta  gronoviianb 
C.  polygonorum  form  a  blanket  over  much  of  the  herbaceous  layer.  Floating  on 
the  water's  surface  in  the  true  swamp  are  Azolla  mexicana,  Lemna  minor, 
Spirodela  polyrhiza,  Wolffia  braziliensis,  Wolffia  Columbiana,  and  in  an  isolated 
area,  Ranunculus  flabe Haris. 

A  marsh  community  is  characterized  by  tall  graminoid  plants  and  water 
near  or  above  the  ground  surface  for  most  of  the  year  (White  and  Madany,  1978). 
The  marsh  community  at  Lovets  Pond  is  approximately  2  ha  in  size  and  is 
bordered  by  cornfield.  Approximately  half  of  the  marsh  community  has  standing 
water  present  throughout  the  year.  Except  during  the  driest  periods,  standing 
water  in  the  marsh  is  continuous  with  the  nearby  swamp  and  pond.  The  deepest 
areas  of  the  marsh  are  either  devoid  of  emergent  vegetation  or  contain  isolated 
clumps  of  Peltandra  virginica.  During  the  early  spring  months  submerged  plants 
are  evident  in  the  open  water,  including  Callitriche  heterophylla,  Ceratophyllum 
demersum,  and  Potamogeton  pusillus.  By  summer,  duckweeds,  Limnobium 
spongia,  and  Ludwigia  peploides  ssp.  glabrescens  completely  cover  the  water 
surface. 

A  dense  growth  of  graminoid  plants,  1 .5  m  to  2  m  tall,  is  prevalant  at  the 
periphery  of  the  deep  water  zones  in  the  marsh  community.  Sparganium 
eurycarpum  is  the  dominant  plant  in  this  shallow  water  region  and  throughout  the 
moist  ground.  Occurring  in  large  circular  colonies  within  the  Sparganium  is 
Scirpus  tabernaemontanii.  Also  associated  with  the  Sparganium  are  Alisma 
plantago-aquatica  var.  parviflorum,  Carex  hyalinolepis,  Carex  lurida,  Eleocharis 
macrostachya,  Hibiscus  lasiocarpus,  Leersia  oryzoides,  Polygonum  amphibium, 
Polygonum  hydropiperoides,  Sagittaria  latifolia,  Sium  suave,  and  Typha  latifolia. 

Wet-mesic  floodplain  forest  communities  are  found  on  the  floodplains  of 
streams  and  are  determined  by  the  frequency  and  duration  of  flooding  (White 
and  Madany,  1978).  The  forests  are  usually  a  mixture  of  trees  with  no  clear 
dominants.  A  diverse  assemblage  of  tree  species  characterizes  the  overstory  in 
the  floodplain  forest  at  Lovets  Pond,  including  Acer  saccharinum,  Carya 
cordiformis,  Carya  ovata,  Celtis  laevigata,  Celtis  occidentalis,  Fraxinus  americana, 
Fraxinus  pensylvanica  var.  subintegerrima,  Gleditsia  triacanthos,  Quercus 
macrocar  pa,  Quercus  michauxii,  Quercus  palustris,  Ulmus  americana,  and  Ulmus 
rubra.  Subcanopy  and  tall  understory  species  found  in  the  community  are  Acer 
negundo,  Asimina  triloba,  Cornus  stolon  if  era,  Ilex  decidua,  Lindera  benzoin,  and 
Ulmus  alata.  Woody  vines  are  common  throughout  and  include  Ampelopsis 
cordata,  Smilax  hispida,  Smilax  rotundifolia,  Toxicodendron  radicans,  and  Vitis 
cinerea. 
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During  the  spring  months  a  monotypic  colony  of  Ranunculus  carolinianus 
is  the  dominant  herbaceous  species  in  the  wettest  zones  of  the  floodplain  forest. 
On  the  slightly  drier  ground  in  spring  is  a  rich  assemblage  of  wildflowers,  including 
Claytonia  virginica,  Corydalis  flavula ,  Delphinium  tricorne,  Dent  aria  laciniata, 
Erythronium  albidum,  Sanguinaria  canadensis,  Trillium  recurvatum,  and  Viola 
obliqua.  Characteristic  herbaceous  plants  in  the  summer  include  Boehmeria 
cylindrica,  Cryptotaenia  canadensis,  Eclipta  prostrata,  Impatiens  capensis, 
Lysimachia  ciliata,  Pilea  pumila,  and  Ruellia  strepens.  Graminoids  evident  in  the 
summer  are  Carex  convoluta,  Carex  grayii,  Carex  lupulina,  Carex  projecta,  Cinna 
arundinacea,  Glyceria  striata,  and  Leersia  lenticularis.  In  autumn  herbs  such  as 
Aster  vimineus,  Aster  simplex,  Bidens  tripartita,  Lobelia  cardinalis,  Lobelia 
siphilitica,  Polygonum  virginianum,  and  Verbesina  alternifolia  are  commonly 
encountered. 

A  successional  field  community  includes  any  formerly  disturbed  open 
land.  Examples  are  abandoned  fields  and  pastures,  roadsides,  and  vacant  lots. 
The  unifying  factor  is  human  disturbance  (White  and  Madany,  1978).  At  Lovets 
Pond  the  highly  disturbed  areas  are  narrow  fields  and  roadsides  at  the  periphery 
of  the  study  area.  The  flora  in  these  habitats  is  a  mixture  of  both  alien  and  native, 
disturbance-adapted  species.  Commonly  encountered  woody  species  are 
Cornus  drummondii,  Quercus  imbricaria,  Rhus  glabra,  Rosa  multiflora,  Rubus 
allegheniensis,  and  Sassafras  albidum.  A  large  number  of  grass  species 
characterize  the  successional  field  community,  including  Echinochloa  crus-galli, 
Elymus  virginicus,  Festuca  prate  ns  is,  Poa  prate  n  sis,  Set  aria  faberi,  and  S.  viridis. 
Ambrosia  artemisiifolia,  Ambrosia  trifida,  Bidens  aristosa  var.  retrorsa,  Cirsium 
discolor,  Erigeron  annuus,  E.  strigosus ,  and  Xanthium  strumarium  var.  glabratum 
are  representative  of  the  composites.  Additional  herbaceous  species  common  in 
the  disturbed  areas  are  Dianthus  armeria,  Ipomoea  lacunosa,  Juncus  interior,  J. 
tenuis,  Lamium  amplexicaule,  Lonicera  japonica,  Ranunculus  abortivus,  and 
Rumex  crispus. 

A  large  majority  of  the  plant  species  listed  for  this  site  are  representative 
of  natural  ecosystems.  The  aquatic  community  assemblages  are  considered  rare 
in  this  natural  division  dominated  by  agriculture.  Despite  the  surrounding 
agricultural  encroachment,  the  character  of  the  remaining  Lovets  Pond 
ecosystem  is  largely  consistent  with  the  earliest  presettlement  descriptions. 
Thus  two  major  factors  in  distinguishing  a  natural  area  are  met:  (1)  the  site  is  of 
high  natural  quality  and  (2)  the  community(s)  and/or  species  present  are  of 
significant  rarity.  Lovets  Pond  is  a  rare  and  valuable  natural  resource  for  the 
region. 


ANNOTATED  CHECKLIST 

The  nomenclature  and  sequence  of  taxa  follow  Mohlenbrock  (1986). 
Following  the  binomial  and  authority  is  a  brief  habitat  description  and  a  statement 
of  relative  abundance  for  each  taxon.  The  natural  community  designation 
pertains  only  to  the  voucher  specimen  and  does  not  reflect  the  species 
occurrence  in  other  communities.  An  effort  was  made,  however,  to  collect  the 
voucher  specimen  from  the  species'  most  typical  natural  community.  The  natural 
communities  are  abbreviated  in  the  following  list  as  follows:  PO  =  pond,  SH  = 
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shrub  swamp,  TR  =  true  swamp,  MA  =  marsh,  FL  =  wet-mesic  floodplain  forest, 
and  SU  =  successional  field.  The  relative  abundance  (based  on  observations 
and  collections)  is  indicated  in  the  following  list  as  common,  occasional,  or  rare. 
The  designations  refer  to  the  species  abundance  in  suitable  habitat.  The 
following  abbreviations  are  used  to  represent  abundance:  com.  =  common, 
occ.  =  occasional,  and  rar.  =  rare. 


OPHIOGLOSSACEAE 

Botrychium  dissectum  Spreng.  var.  obliquum 
(Muhl.)  Clute.  FL,  occ. 
ASPLENIACEAE 
Onoclea  sensibilis  L.  FL,  occ. 

Polystichum  acrostichoides  (Michx.)  Schott. 
FL,  rar. 

SALVINIACEAE 

Azolla  mexicana  Presl.  PO,  com. 
TYPHACEAE 

Typha  latifolia  L.  MA,  occ. 

SPARGAN I ACEAE 

Sparganium  eurycarpum  Engelm.  MA,  com. 

POTAMOGETONACEAE 
Potamogeton  pusillus  L.  PO,  com. 
ALISMACEAE 

Sagittaria  latifolia  Willd.  MA,  com. 

Alisma  plantago-aquatica  L.  var.  parviflorum 
(Pursh)  Torr.  SH,  com. 
HYDROCHARITACEAE 
Limnobium  spongia  (Bose.)  Steud.  PO,  com. 
POACEAE 

Bromus  japonicus  Thunb.  SU,  occ. 

Bromus  pubescens  Muhl.  FL,  occ. 

Bromus  tectorum  L.  SU,  occ. 

Festuca  pratensis  Huds.  SU,  com. 

Festuca  obtusa  Biehler.  FL,  occ. 

Poa  annua  L.  SU,  occ. 

Poa  pratensis  L.  SU,  occ. 

Poa  angusti folia  L.  FL,  rar. 


Dactylis  glomerata  L.  SU,  com. 
Agrostis  alba  L.  SU,  occ. 

Cinna  arundinacea  L.  FL,  occ. 

Phleum  partense  L.  SU,  occ. 

Elymus  virginicus  L.  SU,  com. 

Elymus  riparius  Wiegand.  FL,  occ. 
Elymus  villosus  Muhl.  FL,  occ. 
Hordeum  pusillum  Nutt.  SU,  occ. 
Glyceria  striata  (Lam.)  Flitchcok. 
FL,  com. 

Digitaria  sanguinalis  (L.)  Scop.  SU, 
occ. 

Paspalum  laeve  Michx.  SU,  occ. 
Paspalum  pubiflorum  Rupr.  var. 

glabrum  Vasey.  SU,  occ. 
Panicum  dichotomiflorum  Michx.  SU, 
occ. 

Dichanthelium  acuminatum  (Sw.) 

Gould  &  Clark.  var. 

fasciculatum  (Torr.)  Freckm. 
MA,  occ. 

Dichanthelium  laxiflorum  (Lam.)  Gould. 
FL,  occ. 

Dichanthelium  clandestinum  (L.) 

Gould.  FL,  occ. 

Echinochloa  crus-galli  (L.)  Beauv.  SU, 
com. 

Echinochloa  crus-galli  (L.)  Beauv.  var. 
frumentacea  (Roxb.)  W.  Wight. 
SU,  rar. 


35 


Setaria  glauca  (L.)  Beauv.  SU,  occ. 

Setaria  faberi  Herrm.  SU,  com. 

Setaria  viridis  (L.)  Beauv.  SU,  com. 
Eragrostis  hypnoides  (Lam.)  BSP.  MA,  rar. 
Eragrostis  cilianensis  (All.)  Mosher.  SU,  occ. 
Arundinaria  gigantea  (Walt.)  Chapm.  FL,  occ. 
Leersia  lenticularis  Michx.  FL,  com. 

Leersia  oryzoides  (L.)  Swartz.  MA,  occ. 
Leersia  virginica  Willd.  FL,  occ. 
Chasmanthium  latifolium  (Michx.)  Yates.  FL, 
occ. 

CYPERACEAE 

Cy perus  aristatus  Rottb.  FL,  rar. 

Cyperus  escuientus  L.  SU,  com. 

Cy  perus  strigosus  L.  SU,  com. 

Eleocharis  smallii  Britt.  MA,  occ. 

Eleocharis  macrostachya  Britt.  MA,  com. 
Eleocharis  obtusa  (Willd.)  Schult.  var.  obtusa 
FL,  com. 

Eleocharis  obtusa  (Willd.)  Schult.  var. 
detonsa  (Gray)  Drap.  &  Mohlenbr.  MA, 
occ. 

Scirpus  tabernaemontanii  K.  C.  Gmel.  MA, 
com. 

Scirpus  atrovirens  Willd.  MA,  com. 

Scirpus  cyperinus  (L.)  Kunth.  MA,  rar. 

Carex  convoluta  Mack.  FL,  com. 

Carex  socialis  Mohlenbr.  &  Schwegm.  FL, 
occ. 

Carex  vulpi noidea  Michx.  MA,  com. 

Carex  conjuncta  Boott.  FL,  rar. 

Carex  crus-corvi  Shuttlew.  MA,  com. 

Carex  muskingumensis  Schwein.  TR,  com. 
Carex  scoparia  Willd.  MA,  com. 

Carex  tribuloides  Wahlenb.  FL,  occ. 

Carex  projecta  Mack.  FL,  com. 

Carex  crinita  Lam.  SH,  rar. 

Carex  shortiana  Dewey.  MA,  occ. 

Carex  granularis  Willd.  FL,  rar. 

Carex  frankii  Kunth.  MA,  occ. 

Carex  squarrosa  L.  Sedge.  SU,  occ. 

Carex  typhina  Michx.  MA,  occ. 

Carex  hyalinolepis  Steud.  MA,  com. 

Carex  lurida  Wahlenb.  MA,  occ. 

Carex  grayii  Carey.  FL,  com. 

Carex  louisianica  Bailey.  SH,  rar. 

Carex  lupulina  Willd.  FL,  com. 

ARACEAE 

Peltandra  virginica  (L.)  Schott.  TR,  com. 
Arisaema  dracontium  (L.)  Schott.  FL,  rar. 
LEMNACEAE 

Spirodela  polyrhiza  (L.)  Schleiden.  PO,  com. 
Lemna  minor  L.  PO,  com. 

Lemna  obscura  (Austin)  Daubs.  PO,  com. 


Wolffiella  gladiata  (Hegelm.)  Hegelm. 
PO,  com. 

Wolffia  braziliensis  Weddell.  PO,  com. 
Wolffia  Columbiana  Karst.  PO,  com. 
COMMELINACEA 

Tradescantia  subaspera  Ker.  FL,  occ. 
JUNCACEAE 

Juncus  effusus  L.  var.  solutus  Fern.  & 
Wieg.  MA,  rar. 

Juncus  acuminatus  Michx.  MA,  com. 
Juncus  tenuis  Willd.  SU,  com. 

Juncus  interior  Wieg.  SU,  com. 
LILIACEAE 

Allium  canadense  L.  FL,  occ. 

Trillium  recurvatum  Beck.  FL,  com. 
Erythronium  albidum  Nutt.  FL,  occ. 
Poiygonatum  commutatum  (Schult.)  A. 
Dietr.  SU,  occ. 

SMILACACEAE 
Smilax  bona-nox  L.  FL,  rar. 

Smilax  rotundifolia  L.  FL,  com. 

Smilax  hispida  Muhl.  FL,  occ. 

DIOSCOREACEAE 
Dioscorea  villosa  L.  FL,  occ. 
Dioscorea  quaternata  Walt.  J.  F.  Gmel. 
FL,  rar. 

IRIDACEAE 

Iris  shrevei  Small.  TR,  com. 
Sisyrinchium  anagustifolium  Mill.  FL, 
occ. 

SAURURACEAE 
Saururus  cernuus  L.  TR,  com. 
SALICACEAE 

Salix  nigra  Marsh.  SH,  com. 

Salix  rigida  Muhl.  SH,  com. 

Populus  heterophylla  L.  TR,  com. 

JUGLANDACEAE 
Jug  Ians  nigra  L.  FL,  rar. 

Carya  illinoensis  (Wang.)  K.  Koch.  FL, 
occ. 

Carya  cordiformis  (Wang.)  K.  Koch. 
FL,  occ. 

Carya  ovata  (Mill.)  K.  Koch.  FL,  occ. 
Carya  laciniosa  (Michx.)  Loud.  FL, 
occ. 

Carpi nus  carol iniana  Walt.  FL,  rar. 
FAGACEAE 

Quercus  imbricaria  Michx.  SU,  occ. 
Quercus  palustris  Muenchh.  FL,  com. 
Quercus  michauxii  Nutt.  FL,  com. 
Quercus  macrocarpa  Michx.  FL,  com. 
Quercus  lyrata  Walt.  FL,  rar. 
ULMACEAE 

Ulmus  rubra  Muhl.  FL,  occ. 
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Ulmus  americana  L.  FL,  occ. 

Ulmus  alata  Michx.  FL,  occ. 

Celtis  occidentalis  L.  FL,  com. 

Celtis  laevigata  Willd.  FL,  com. 

MORACEAE 
Mows  w bra  L.  FL,  occ. 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw.  FL,  com. 

Pilea  pumila  (L.)  Gray.  FL,  com. 
ARISTOLOCHIACEA 

Asawm  canadense  L.  var.  reflexum  (Bickn.) 
Robins.  FL,  com. 

POLYGONACEAE 
Rumex  crispus  L.  SU,  occ. 

Rumex  altissimus  Wood.  MA,  occ. 

Rumex  verticillatus  L.  TR,  com. 

Polygonum  virginianum  L.  FL,  occ. 
Polygonum  punctatum  Ell.  SH,  com. 
Polygonum  setaceum  Baldw  var.  interjectum 
Fern.  FL,  occ. 

Polygonum  hydropiperoides  Michx.  PO,  com. 
Polygonum  amphibium  L.  PO,  com. 
Polygonum  lapathifolium  L.  SH,  com. 
Polygonum  pensylvanicum  L.  var.  duwm 
Standford.  SH,  rar. 

Polygonum  pensylvanicum  L.  var.  laevigatum 
Fern.  SH,  occ. 

CHENOPODIACEAE 
Chenopodium  album  L.  SU,  occ. 

AMARANTHACEAE 
Amaranthus  wdis  Sauer.  MA,  rar. 

PHYTOLACCACEAE 
Phytolacca  americana  L.  SU,  occ. 

PORTULACACEAE 
Portulaca  oleracea  L.  SU,  rar. 

Claytonia  virginica.  L.  FL,  com. 

CARYOPHYLLACEAE 
Cerastium  vulgatum  L.  SU,  occ. 

Dianthus  armeria  L.  SU,  occ. 

CERATOPHYLLACEAE 
Ceratophyllum  demersum  L.  PO,  com. 
NYMPHAEACEAE 

Nuphar  luteum  (L.)  Sibth.  &  Smith  ssp. 
macrophyllum  (Dur.)  Beal.  PO,  com. 
NELUMBONACEAE 
Nelumbo  lutea  (Willd.)  Pers.  MA,  rar. 
RANUNCULACEAE 

Ranunculus  laxicaulis  (Torr.  &  Gray)  Darby. 
MA,  com. 

Ranunculus  sceleratus  L.  MA,  com. 
Ranunculus  abortivus  L.  SU,  occ. 
Ranunculus  f label  laris  Raf.  TR,  rar. 
Ranunculus  carol inianus  DC.  FL,  com. 
Delphinium  tricorne  Michx.  FL,  com. 


Clematis  pitched  Torr.  &  Gray.  FL,  rar. 

BERBERIDACEAE 
Podophyllum  peltatum  L.  FL,  occ. 

MENISPERMACEAE 
Menispermum  canadense  L.  FL,  com. 

MAGNOLIACEAE 
Liriodendron  tulipifera  L.  SU,  rar. 
ANNONACEAE 

Asimina  triloba  (L.)  Dunal.  FL,  com. 
LAURACEAE 

Sassafras  albidum  (Nutt.)  Ness.  SU, 
occ. 

Lindera  benzoin  (L.)  Blume.  FL,  occ. 
PAPAVERACEAE 

Sangu inaria  canadensis  L.  FL,  com. 
Corydalis  flavula  (Raf.)  DC.  FL,  com. 

BRASSICACEAE 
Dentaria  laciniata  Muhl.  FL,  occ. 
Capsella  bursa-pastoris  (L.)  Medic. 
SU,  rar. 

Cardamine  bulbosa  (Schreb.)  BSP.  FL, 
com. 

Cardamine  pensylvanica  Muhl.  MA, 
com. 

Thlaspi  arvense  L.  SU,  occ. 

Alliaria  petiolata  (Bieb.)  Cavara  & 
Grande.  SU,  rar. 

Rorippa  islandica  (Oeder)  Borbas.  MA, 
occ. 

SAXIFRAGACEAE 
Penthorum  sedoides  L.  MA,  com. 

HAMMAMELIDACEAE 
Liquidambar  styraciflua  L.  FL,  occ. 
PLATANACEAE 

Platanus  occidentalis  L.  FL,  rar. 
ROSACEAE 

Prunus  serotina  Ehrh.  FL,  rar. 
Crataegus  cf.  viridis  L.  FL,  rar. 
Crataegus  mollis  (Torr.  &  Gray) 
Scheele.  FL,  rar. 

Rubus  occidentalis  L.  SU,  occ. 

Rubus  allegheniensis  Porter.  SU,  com. 
Rosa  setigera  Michx.  var.  tomentosa 
Torr.  &  Gray.  SU,  com. 

Rosa  multi  flora  Thunb.  SU,  occ. 
Potentilla  norvegica  L.  SU,  rar. 

Geum  canadense  Jacq.  FL,  occ. 

CAESALPINIACEAE 
Cassia  fasciculata  Michx.  SU,  occ. 
Cercis  canadensis  L.  SU,  occ. 
Gleditsia  triacanthos  L.  FL,  com. 
Gleditsia  aquatica  Marsh.  TR,  com. 
FABACEAE 

Vicia  villosa  Roth.  SU,  occ. 
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Lathyrus  latifolius  L.  SU,  rar. 

Trifolium  campestre  Schreb.  SU,  occ. 
Trifolium  pratense  L.  SU,  com. 

Trifolium  repens  L.  SU,  com. 

Tri folium  hybrid  urn  L.  SU,  occ. 

Medicago  lupulina  L.  SU,  com. 

Kummerowia  striata  (Thunb.)  Schindl.  SU, 
occ. 

Desmodium  canescens  (L.)  DC.  SU,  occ. 
Desmodium  pauciflorum  (Nutt.)  DC.  FL,  rar. 

OXALIDACEAE 
Oxalis  stricta  L.  FL,  occ. 

GERANIACEAE 

Geranium  carolinianum  L.  FL,  rar. 
EUPHORBIACEAE 

Chamaesyce  supina  (Rat.)  Moldenke.  SU, 
occ. 

Chamaesyce  maculata  (L.)  Small.  SU,  occ. 
CALLITRICHACEAE 

Callitriche  heterophylla  Pursh.  MA,  com. 
Callitriche  terrestris  Raf.  MA,  occ. 
ANACARDIACEAE 

Toxicodendron  radicans  (L.)  Kuntze.  FL, 
com. 

Rhus  copallina  L.  MA,  rar. 

Rhus  glabra  L.  SU,  occ. 

AQUIFOLIACEAE 
Ilex  decidua  Walt.  SH,  com. 
CELASTRACEAE 

Euonymus  atropurpurea  Jacq.  FL,  occ. 
ACERACEAE 

Acer  negundo  L.  FL,  com. 

Acer  saccharum  Marsh.  FL,  occ. 

Acer  saccharinum  L.  FL,  com. 

Acer  rubrum  L.  TR,  com. 

BALSAM  IN  ACEAE 

Impatiens  capensis  Meerb.  FL,  com. 
VITACEAE 

Parthenocissus  quinquefolia  (L.)  Planch.  FL, 
com. 

Ampelopsis  cordata  Michx.  FL,  com. 

Vitis  cinerea  Engelm.  FL,  com. 

Vitis  vulpina  L.  FL,  com. 

MALVACEAE 

Hibiscus  lasiocarpus  Cav.  MA,  com. 

Si  da  spinosa  L.  SU,  rar. 

HYPERICACEAE 

Triadenum  waited  (Gmel.)  Gl.  Marsh.  PO, 
com. 

VIOLACEAE 

Viola  obliqua  Hill.  FL,  com. 

Viola  sororia  Willd.  FL,  com. 

Viola  pubescens  Ait.  var.  eriocarpa 
(Schwein.)  Russell.  FL,  com. 


Viola  striata  Ait.  FL,  occ. 

Viola  rafinesquii  Greene.  SU,  occ. 
LYTHRACEAE 

Decodon  verticillatus  (L.)  Ell.  TR,  occ. 
Lythrum  alatum  Pursh.  MA,  rar. 
Ammannia  auriculata  Willd.  MA,  rar. 
ONAGRACEAE 

Ludwigia  palustris  (L.)  Ell.  var. 
americana  (DC.)  Fern.  &  Grisc. 
MA,  rar. 

Ludwigia  polycarpa  Short.  &  Peter. 
MA,  rar. 

Ludwigia  peploides  (HBK.)  Raven  ssp. 
glabrescens  (Ktze.)  Raven.  MA, 
com. 

Oenothera  biennis  L.  SU,  rar. 
APIACEAE 

Sanicula  gregaria  Bickn.  FL,  occ. 
Torilis  japonica  (Houtt.)  DC.  SU,  occ. 
Daucus  carota  L.  SU,  occ. 
Cryptotaenia  canadensis  (L.)  DC.  FL, 
com. 

Sium  suave  Walt.  MA,  com. 

Erigenia  bulbosa  (Michx.)  Nutt.  FL,  rar. 
Chaerophyllum  procumbens  (L.) 
Crantz.  FL,  occ. 

Cherophyllum  tainturieri  Hook.  SU, 
com. 

Cicuta  maculata  L.  FL,  occ. 
CORNACEAE 

Cornus  stolonifera  Michx.  FL,  com. 
Cornus  drummondii  C.  A.  Mey.  SU, 
occ. 

PRIMULACEAE 

Anagallis  arvensis  L.  SU,  occ. 
Lysimachia  ciliata  L.  FL,  com. 
EBENACEAE 

Diospyros  virginiana  L.  var.  pubescens 
(Pursh)  Dippel.  MA,  occ. 
OLEACEAE 

Fraxinus  pennsylvanica  Marsh,  var. 
subintegerrima  (Vahl)  Fern.  FL, 
com. 

Fraxinus  americana  L.  FL,  com. 
Fraxinus  profunda  (Bush)  Bush.  TR, 
com. 

APOCYNACEAE 

Amsonia  tabernaemontana  Walt.  FL, 
occ. 

Apocynum  cannabinum  L.  var. 
pubescens  (Mitchell)  A.  DC. 
SU,  occ. 

ASCLEPIADACEAE 
Asclepias  syriaca  L.  SU,  occ. 
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Asclepias  incarnata  L.  MA,  occ. 

Cynanchum  laeve  (Michx.)  Pers.  MA,  occ. 

CONVOLVULACEAE 
Calystegia  sepium  (L.)  R.  Br.  ssp. 

americana  (Sims)  Brum  mitt.  SU,  occ. 
Ipomoea  lacunosa  L.  SU,  occ. 
CUSCUTACEAE 

Cuscuta  polygonorum  Engelm.  TR,  com. 
Cuscuta  gronovii  Willd.  FL,  com. 
POLEMONIACEAE 

Phlox  divaricata  L.  ssp.  laphamii  (Wood) 
Wherry.  FL,  com. 
HYDROPHYLLACEAE 
Phacelia  purshii  Buckley.  FL,  com. 
VERBENACEAE 

Phyla  lanceolata  (Michx.)  Greene.  SU,  occ. 
Verbena  urtici folia  L.  SU,  occ. 

LAMIACEAE 

Mentha  arvensis  L.  var.  villosa  (Benth.)  S.  R. 
Stewart.  MA,  com. 

Lycopus  americanus  Muhl.  MA,  com. 

Ly copus  rubellus  Moench.  MA,  com. 
Teucrium  canadense  L.  var.  virginicum  (L.) 
Eat.  FL,  occ. 

Scutellaria  lateriflora  L.  TR,  occ. 

Blephilia  hirsuta  (Pursh)  Benth.  FL,  rar. 
Lamium  amplexicaule  L.  SU,  occ. 

Stachys  palustris  L.  var.  homotricha  Fern. 
MA,  com. 

Stachys  tenuifolia  Willd.  var.  hispida 
(Pursh)  Fern.  MA,  com. 

Prunella  vulgaris  L.  var.  elongata  Benth. 

SU,  occ. 

SOLANACEAE 

Solanum  carolinense  L.  SU,  occ. 

Solanum  ptycanthum  Dunal.  FL,  occ. 

SCROPHULARIACEA 
Gratiola  neglecta  Torr.  MA,  com. 

Penstemon  alluviorum  Pennell.  SH,  rar. 
Penstemon  digitalis  Nutt.  FL,  com. 

Mimulus  alatus  Ait.  SH,  occ. 
BIGNONIACEAE 

Campsis  radicans  (L.)  Seem.  SU,  com. 

ACANTHACEAE 
Rue  Ilia  strepens  L.  FL,  occ. 

PLANTAGINACEAE 
Plantago  lanceolata  L.  SU,  com. 

Plantago  rugelii  Dene.  SU,  com. 
RUBIACEAE 

Cephalanthus  occidental  is  L.  SH,  com. 
Galium  aparine  L.  FL,  com. 

Galium  tinctorium  L.  MA,  com. 

Diodia  teres  Walt.  MA,  rar. 


CAPRIFOLIACEAE 
Sambucus  canadensis  L.  SU,  occ. 
Lonicera  japonica  Thunb.  SU,  occ. 
Viburnum  rufidulum  Raf.  FL,  rar. 
CAPANULACEAE 

Triodanis  perfoliata  (L.)  Nieuwl.  SU, 
occ. 

Campanula  americana  L.  FL,  com. 
Lobelia  cardinal  is  L.  FL,  occ. 

Lobelia  siphilitica  L.  FL,  occ. 
ASTERACEAE 

Senecio  glabellus  Poir.  TR,  com. 
Solidago  juncea  Ait.  SU,  rar. 

Solidago  gigantea  Ait.  MA,  com. 
Solidago  canadensis  L.  SU,  occ. 
Solidago  radula  Nutt.  SU,  rar. 

Aster  prenanthoides  Muhl.  FL,  rar 
Aster  pilosus  Willd.  SU,  occ. 

Aster  vimineus  Lam.  FL,  com. 

Aster  lateriflorus  (L.)  Britt.  FL,  occ. 
Aster  simplex  Willd.  FL,  com. 

Erigeron  philadelphicus  L.  MA,  occ. 
Erigeron  annuus  (L.)  Pers.  SU,  com. 
Erigeron  strigosus  Muhl.  SU,  com. 
Conyza  canadensis  (L.)  Cronq.  SU, 
occ. 

Verbesina  alternifolia  (L.)  Britt.  FL,  occ. 
Bidens  cernua  L.  TR,  occ. 

Bidens  aristosa  (Michx.)  Britt,  var. 
retrorsa  (Sherff)  Wunderlin.  SU, 
com. 

Bidens  connata  Muhl.  MA,  com. 
Bidens  tripartita  L.  FL,  occ. 

Bidens  frondosa  L.  SU,  occ. 

Bidens  discoidea  (Torr.  &  Gray)  Britt. 
MA,  occ. 

Helianthus  tuberosus  L.  var. 

subcanescens  Gray.  FL,  occ. 
Eclipta  prostrata  (L.)  L.  FL,  occ. 
Achillea  millefolium  L.  SU,  occ. 
Boltonia  asteroides  (L.)  L’Her.  MA, 
com. 

Eupatorium  coelestinum  L.  MA,  com. 
Eupatorium  serotinum  Michx.  FL,  occ. 
Eupatorium  rugosum  Houtt.  FL,  occ. 
Cirsium  discolor  (Muhl.)  SU,  occ. 
Vernonia  missurica  Raf.  MA,  occ. 
Vernonia  gigantea  (Walt.)  Trel.  FL,  occ. 
Erechtites  hieracifolia  (L.)  Raf.  MA, 
com. 

Ambrosia  bidentata  Michx.  SU,  rar. 
Ambrosia  trifida  L.  MA,  com. 

Ambrosia  artemisiifolia  L.  SU,  com. 
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Xanthium  strumarium  L.  var.  glabratum  (DC.) 
Cronq.  SU,  occ. 

Pyrrhopappus  carolinianus  (Walt.)  DC.  SU, 
rar. 


Lactuca  canadensis  L.  SU,  com. 
Lactuca  floridana  (L.)  C.  A.  Mey.  FL, 
occ. 
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Fig.  1 .  Map  of  the  Lovets  Pond  area  showing  study  site  boundary  and  natural 
communities  in  1986. 


ORNL-DWG  89M-941 1 


CULTURAL 


HI  -OPEN"  WATER 
- INTERMITTENT  STREAM 


ILLINOIS 

0  0.1  0.2  0.3  0.4  0.5 

l_J _ I _ I _ I - 1 


—  BOUNDARY 

—  DIRT  ACCESS  ROAD 


km 


41 


Fig.  2.  Map  showing  the  aquatic  features  of  the  Lovets  Pond  region  just  prior 
to  settlement  (circa  1807)  based  on  field  notes  taken  for  the  Public 
Land  Survey,  1804-1850. 
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ABSTRACT 

A  study  of  the  vascular  flora  from  seven  hill  prairies  and  their  surrounding 
forests  of  Robinson  Park,  Peoria,  Illinois  was  initiated  in  1983.  Five  of  the  prairies 
may  have  been  established  following  a  brush  fire  on  the  site  in  1956. 

A  total  of  233  species  belonging  to  73  families  were  identified.  Eighty- 
eight  occurred  on  the  hill  prairies.  Eighteen  prairie  species  were  found  in  the 
surrounding  forested  areas.  Andropogon  gerardi  and  Schizachyrium  scoparium 
were  the  most  abundant  grasses  on  the  hill  prairies.  Acer  saccharum,  Quercus 
alba ,  Q.  prinoidesv ar.  acuminata,  and  Q.  rubra  were  the  most  prevalent  canopy 
species  in  the  forested  areas. 


INTRODUCTION 

Robinson  Park  is  located  in  Peoria  County,  Illinois  and  consists  of  230.4 
ha  of  mixed  mesic  woodlands.  The  seven  hill  prairies  are  located  along  a  61 .3  ha 
tract  within  the  Park  and  are  approximately  0.6-1. 2  km  west  of  the  Illinois  River 
(T1  ON,  R8E,  Sec.  28). 

The  hill  prairies  are  situated  on  either  south-  or  southeast-facing  slopes. 
The  steep  slopes  are  part  of  the  Providence  Moraine.  This  moraine  is  of  late 
Wisconsinan  age  and  is  part  of  the  larger  Bloomington  Morainic  System  (Willman 
and  Frye,  1970). 

Four  soils  were  identified  in  the  study  area.  The  Strawn-Hennepin 
association  occurred  along  the  ridge,  north-facing  slopes,  and  the  stream 
bottom.  These  soils  are  calcareous  upland  loams  that  have  developed  from 
glacial  till.  Forest  vegetation  was  the  primary  plant  community  found  on  these 
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soils.  Dodge  and  Rozetta  silt  loams  were  located  along  the  slope  gradient.  These 
soils  have  developed  from  eolian  deposits  of  late  Wisconsinan  age.  Prairie 
vegetation  was  the  principal  plant  community  identified  with  these  soils.  The  four 
soils  are  forest  alfisols. 

Aerial  photographs  of  Robinson  Park  taken  in  1939,  showed  two  large 
hill  prairies  of  approximately  0.5-0. 8  ha  surrounded  by  scrub  vegetation.  A  brush 
fire  in  the  spring  of  1956  burned  several  hundred  hectares  of  land  within  this 
area.  Aerial  photographs  of  the  area  in  1957  indicated  that  the  original  two 
prairies  had  expanded  and  five  new  prairies  had  developed  in  the  area.  The  1957 
photograph  showed  that  each  prairie  was  surrounded  by  scrub  vegetation  and  a 
sparsely  developed  tree  canopy.  Both  of  the  original  1939  prairies  had  become 
partitioned  by  1982.  An  aerial  photograph  taken  in  this  year  showed  nine  prairie 
openings  surrounded  by  a  dense  tree  canopy. 

The  initial  vascular  flora  survey  of  the  Robinson  Park  hill  prairie  sites 
began  in  1983.  Examination  of  the  original  1939  prairies  showed  that  one  had 
been  divided  since  by  forest  invasion.  The  larger  portion  of  this  prairie  exhibited 
severe  surface  erosion  due  to  water  drainage.  The  other  prairie  had  been  divided 
into  two  smaller  portions  by  a  large  gully  which  developed  in  an  area  where  a  small 
rock  quarry  had  been  located.  The  rock  quarry  can  be  observed  in  the  1957 
photograph.  Minimal  surface  erosion  was  visible  on  the  main  portion  of  the 
second  prairie.  However,  along  the  gully  perimeter,  soil  has  washed  away 
beneath  the  roots  of  the  prairie  vegetation,  and  whole  clumps  of  prairie  grasses 
and  forbs  have  washed  into  the  gully.  The  other  five  prairie  sites  showed  little 
signs  of  erosion.  Two  of  the  sites  appeared  to  be  stable  prairie  communities 
based  on  their  vegetative  composition.  The  three  remaining  sites  were  in  various 
stages  of  succession  to  forest. 

METHODS  AND  MATERIALS 

The  nine  hill  prairies  of  Robinson  Park  were  numbered  consecutively 
beginning  with  the  southern  most  prairie.  Approximate  areas  were  determined 
for  each  prairie  with  a  metal  surveyors  tape.  Prairies  2,  3,  4,  and  6  were  the  largest 
and  measured  between  0.05-0.09  ha.  Prairies  1,  5,  and  7  were  of  intermediate 
size  and  measured  between  0.02-0.03  ha.  Prairies  8  and  9  were  the  smallest  and 
measured  0.01  ha. 

Seven  of  the  nine  prairies  were  chosen  for  floristic  sampling.  Plants  in 
flower  were  collected  from  each  prairie  and  the  surrounding  forested  sites  either 
weekly  or  bi-weekly  from  March  until  November  of  1983  through  1986.  Plant 
nomenclature  followed  Mohlenbrock  (1986).  Preserved  samples  of  the  collected 
plant  materials  are  housed  in  the  Bradley  University  Herbarium. 

RESULTS  AND  DISCUSSION 

A  total  of  233  species  belonging  to  73  families  were  identified  from  the 
seven  Robinson  Park  hill  prairies  and  their  surrounding  forests  (Table  1).  Prairie 
species  are  designated  by  an  asterisk  (*).  Prairie  species  that  occurred  in  the 
surrounding  forested  areas  are  designated  by  an  exclamation  point  (!).  The  best 
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represented  families  were  the  Asteraceae  (47  spp.),  Poaceae  (21  spp.), 
Fabaceae  (13  spp.),  and  Rosaceae  (13  spp.). 

Eighty-eight  hill  prairie  species  were  identified  from  the  seven  Robinson 
Park  sites.  The  hill  prairie  vegetation  was  indicative  of  dry  to  dry  mesic  grass 
communities  (Curtis,  1959).  The  principal  grass  species  found  on  the  prairies 
were  Andropogon  gerardi  Vitman,  Bouteloua  curtipendula  (Michx.)  Torr., 
Schizachyrium  scoparium  (Michx.)  Nash,  and  Sporobolus  heterolepis  (Gray)  Gray. 
Other  prairie  taxa  included  were  Amorpha  canescens  Pursh,  Apocynum 
androsaemifolium  L.,  Asclepias  verticillata  L.,  A.  viridiflora  Raf.,  Aster  azureus 
Lindl.,  A.  oblongifolius  Nutt.,  Brickellia  eupatoriodes  (L.)  Shinners,  Carex  tetanica 
Schk.,  Coreopsis  palmata  Nutt.,  Dalea  purpurea  Vent.,  Echinacea  pallida  Nutt., 
Euphorbia  corollata  L.,  Helianthus  hirsutus  Raf.,  Liatris  aspera  Michx.,  Linum 
sulcatum  Riddell,  Psoralea  tenuiflora  Pursh,  Silphium  integrifolium  Michx.,  and 
Sisyrinchium  campestre  Bickn. 

Two  types  of  forests  surround  the  Robinson  Park  hill  prairies.  An  oak- 
hickory  forest  occupied  the  ridge  area  while  the  lower  slopes  consisted  of  a 
mesic  hardwood  forest.  The  dominant  canopy  species  of  the  oak-hickory  forest 
were  Quercus  alba  L.  and  Q.  rubra  L.  Some  of  the  other  commonly  associated 
canopy  species  were  Carya  ovata  (Mill.)  K.  Koch,  C.  tomentosa  (Poir.)  Nutt., 
Fraxinus  americana  L.,  Populus  grandidentata  Michx.,  Quercus  prinoides  Willd. 
var.  acuminata  (Michx.)  Gl.  and  Q.  velutina  Lam.  Among  the  small  tree  and  shrub 
layer,  the  dominant  species  were  Amelanchier  arborea  (Michx.f.)  Fern.,  Cornus 
racemosa  Lam.,  Crataegus  pruinosa  (Wendl.)  K.  Koch,  Malus  ioensis  (Wood) 
Britt.,  Morus  rubra  L.,  Prunus  serotina  Ehrh.,  Rubus  allegheniensis  Porter,  R. 
occidentals  L.,  Sassafras  albidum  (Nutt.)  Nees,  and  Viburnum  rafinesquianum 
Schultes.  In  addition,  there  were  numerous  saplings  of  Acer  saccharum  Marsh, 
Ostrya  virginiana( Mill.)  K.  Koch,  Quercus  prinoides  var.  acuminata,  and  Q.  rubra. 

The  herbaceous  species  encountered  most  often  in  the  forest  were 
Aster  anomalus  Engelm.,  A.  shortii  Lindl.,  Bromus  purgans  L.,  Carex 
pensylvanica  Lam.,  Danthonia  spicata  (L.)  Roem.  &  Schultes,  Desmondium 
glutinosum  (Muhl.)  Wood,  Galium  concinnum  Torr.  &  Gray,  Parthenocissus 
quinquefolia  (L.)  Planch.,  Phryma  leptostachya  L.,  Solidago  caesia  L.,  S.  ulmifolia 
Muhl.,  Taenidia  integerrima  (L.)  Drude,  and  Toxicodendron  radicans  (L.)  Kuntze. 

Individuals  of  A.  saccharum,  Q.  prinoides  var.  acuminata,  and  Q.  rubra 
were  the  dominant  canopy  species  growing  along  the  lower  slope  gradient.  An 
abrupt  and  distinct  change  in  the  tree  flora  occurred  along  the  stream  bottom. 
Carya  cordiformis  (Wang.)  K.  Koch,  Celtis  occidentalis  L.,  Juglans  nigra  L., 
Populus  deltoides  Marsh,  Quercus  macrocarpa  Michx.,  and  Ulmus  americana  L. 
constituted  the  tree  canopy  of  this  area.  These  bottomland  trees  were  taller  and 
had  larger  tree  trunks  which  suggest  a  more  mature  mesic  forest  community 
along  the  stream  bottom  (Braun,  1947;Curtis,  1959).  Acer  saccharum  was  the 
most  numerous  tree  species  of  this  forest.  However,  this  species  had  not 
attained  the  stature  of  the  canopy  trees. 
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CONCLUSIONS 

Seventy-five  percent  of  the  flora  found  on  the  Robinson  Park  hill  prairies 
was  representative  of  native  American  prairie  species  (Weaver,  1954).  The 
remainder  of  this  flora  consisted  of  forest  tree  invaders,  herbaceous  forest 
species,  and  a  few  adventive  weeds.  Quercus  prinoides  var.  acuminata  and 
Fraxinus  americana  were  the  most  common  forest  tree  invaders.  The  herbaceous 
forest  invaders  contained  species  commonly  found  in  the  open  woods  e.g. 
Aureolaria  grandiflora  (Benth.)  Pennell  var.  pulchra  Pennell,  and  Helianthus 
divaricatus  L.  Adventive  weeds,  such  as  Scleranthus  annuus  L.  and  Asparagus 
officinalis  L.,  were  rare  on  the  prairies.  The  scarcity  of  weedy  individuals  indicated 
that  these  hill  prairies  were  relatively  undisturbed  by  human  activities  (Weaver, 
1954).  Poa  pratensis  L.  and  Melilotus  alba  Medic,  were  conspicuously  absent  on 
the  prairies.  However,  P.  pratensis  was  found  growing  in  the  forested  area  on  the 
ridge. 

Alfisols  develop  slowly  in  areas  that  contain  forest  vegetation  (Eyre, 
1963;  Fitzpatrick,  1971;  Harpstead  and  Hole,  1980).  The  presence  of  these  soils 
throughout  the  study  site  suggested  that  forest  vegetation  had  been  associated 
with  the  area  for  a  long  time.  However,  scrub  vegetation  occupied  most  of  the 
ridge  and  slopes  of  this  area  in  1939.  Subsequent  photographs  of  the  site 
documented  the  gradual  replacement  of  the  scrub  vegetation  with  a  dense  tree 
canopy.  There  are  two  probable  explanations  for  the  scrub  vegetation  observed 
in  the  1939  photograph.  Fire  is  the  most  plausible  explanation  for  the  lack  of  a 
tree  canopy,  or  periodic  droughts,  similar  to  those  that  occurred  in  the  1930's, 
could  have  retarded  the  development  of  a  forest  canopy.  This  latter  explanation 
would  lend  support  to  the  Britton  and  Messenger  (1969)  findings  that  Prairie 
Peninsula  soil  moisture  during  the  drought  of  1 933-34  was  similar  to  that  normally 
recorded  for  the  steppe  areas  like  the  Great  Plains.  These  investigators 
suggested  that  the  soil  moisture  amount  when  coupled  to  an  abnormal  high 
water  deficit  could  have  been  instrumental  in  the  death  of  numerous  trees.  A 
brush  fire  occurred  on  this  site  ini 956.  Previous  fires  may  have  burned  the  area 
on  other  occasions.  Therefore  it  is  possible  that  the  five  new  1957  prairies 
developed  as  a  result  of  this  fire  and  were  maintained  afterwards  by  periodic 
drought  conditions.  Development  of  a  dense  tree  canopy  in  this  area  by  1982 
was  due  to  the  lack  of  later  fires  in  this  area. 
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Table  1 .  Checklist  of  plant  taxa  collected  from  seven  hill  prairies  and  their 
surrounding  forested  areas  in  Robinson  Park 


ACANTHACEAE 

*  Rue  Ilia  humilis  Nutt. 

ACERACEAE 

Acer  saccharum  Marsh 
ANACARDIACEAE 

*  Rhus  aromatica  Ait. 

R.  glabra  L. 

Toxicodendron  radicans  (L.)  Kuntze 
APIACEAE 

Osmorhiza  claytonii  (Michx.)  Clarke 
O.  longistylis  (Torr.)  DC 
Sanicula  canadensis  L. 

S.  gregaria  Bickn. 

Taenidia  integerrima  (L.)  Drude 
Zizia  aurea  (L.)  Koch 
APOCYNACEAE 

*  Apocynum  androsaemifolium  L. 

*  A.  cannabinum  L. 

ARACEAE 

Arisaema  triphyllum  (L.)  Schott 
ARALIACEAE 

Pan  ax  quinquefolius  L. 
ARISTOLOCHIACEAE 
Asarum  canadense  L. 
ASCLEPIADACEAE 
!*  Asclepias  quadrifolia  Jacq. 

*  A.  purpurascens  L. 

*  A.  tuberosa  L. 

*  A.  verticillata  L. 

*  A.  viridiflora  Raf. 

ASPLENIACEAE 

Cystopteris  protrusa  (Weatherby)  Blasd. 
ASTERACEAE 

Ambrosia  artemisiifolia  (L.)  Richards 

*  Antennaria  plantaginifolia  L. 

Aster  anomalus  Engelm. 

*  A.  azureus  Lindl. 

A.  cordifolius  L. 

A.  ericoides  L. 

!*  A.  laevis  L. 

A.  macrophyllus  L. 

*  A.  oblongifolius  Nutt. 

A.  pilosus  Willd. 

A.  X  sagittifolius  Wedem. 
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*  A.  sericeus  Vent. 

A.  shortiiL\n6\. 

*  Brickellia  eupatoriodes  (L.)  Shinners 

*  Cacalia  atriplicifolia  L. 

!*  Cirsium  altissimum  (L.)  Spreng. 

*  Coreopsis  palmata  Nutt. 

!*  C.  tripteris  L. 

*  Echinacea  pallida  Nutt. 

Erigeron  philadelphicus  L. 

*  E.  strigosus  Mu  hi. 

*  Eupatorium  altissimum  L. 

E.  rugosum  Houtt. 

*  Helianthus  divaricatus  L. 

H.  grosseserratus  Martens 

*  H.  hirsutus  Rat. 

*  H.  Occident  a  I  is  Riddell 
H.  strumosus  L. 

Heliopsis  helianthoides  (L.)  Sweet 
Hieracium  scab  rum  Michx. 

!*  Lactuca  canadensis  L. 

*  Liatris  aspera  Michx. 

*  L.  cylindracea  Michx. 

Prenanthes  alba  L. 

!*  Ratibida  pinnata  (Vent.)  Barnh. 

*  Senecio  p latte nsis  Nutt. 

*  Silphium  integifolium  Michx. 

Solidago  caesia  L. 

S.  flexicaulis  L. 

*  S.  missouriensis  Nutt. 

*  S.  ne  moral  is  Ait. 

*  S.  rigida  L. 

S.  ulmifolia  Mu  hi. 

*  Tragopogon  dubius  Scop. 

Verbesina  alternifolia  (L.)  Britt. 

Vernonia  baldwinii  Torr. 

V.  gigantea  (Walt.)  Trel. 
BERBERIDACEAE 

Berberis  thunbergii  DC 
Caulophyllum  thalictroides  (L.)  Michx. 
Podophyllum  pel  tat  urn  L. 
BORAGINACEAE 

*  Lithospermum  canescens  (Michx.)  Lehm. 

*  L.  caroliniense  (J.F.G me I.)  MacM. 
BRASSICACEAE 

Arabis  canadensis  L. 

A.  laevigata  (Mu hi.)  Poir. 

Dentaria  lacinata  Mu  hi. 


CAESALPINIACEAE 
!*  Cercis  canadensis  L. 

!*  Gleditsia  triacanthos  L. 

Gymnocladus  dioicus  (L.)  K.  Koch 
CAMPANULACEAE 

Campanula  americana  L. 

Triodanis  perfoliata  (L.)  Nieuwl. 

CAPRI  FOLIACEAE 

Viburnum  rafinesquianum  Schultes 
V.  trilobum  Marsh 
CARYOPHYLLACEAE 

*  Scleranthus  annuus  L. 
CELASTRACEAE 

Celastrus  scandens  L. 
COMMELINACEAE 

Commelina  communis  L. 

Tradescantia  ohiensis  Raf. 
CONVOLVULACEAE 

*  Calystegia  spithamaea  (L.)  Pursh 
CORYLACEAE 

Ostrya  virginiana  (Mill.)  K.  Koch 
CORNACEAE 

Cornus  race  mo  sa  Lam. 
CUPRESSACEAE 
!*  Juniperus  virginiana  L. 

CYPERACEAE 

Carex  albursina  Sheldon 
C.  blanda  Dewey 
C.  granularis  Willd. 

C.  jamesii  Schwein. 

*  C.  meadii  Dewey. 

C.  rnL/A7/e/7fc>eAigr/7  Willd.  var.  enervia  Boott 

C.  pensylvanica  Lam. 

*  C.  tetanica  Schk. 

DIOSCOREACEAE 

Dioscorea  quaternata  (Walt.)  J.F.Gmel. 
EUPHORBIACEAE 

Acalypha  rhomboidea  Raf. 

*  Euphorbia  corollata  L. 

FABACEAE 

*  Amorpha  canescens  Pursh 

*  Baptisia  lactea  (Raf.)  Thieret 

*  B.  leucophaea  Nutt. 

*  Dalea  Candida  (Michx.)  Willd. 

*  D.  purpurea  Vent. 

Desmondium  canescens  (L.)  DC 

D.  glutinosum  (Mu hi.)  Wood 
D.  nudiflorum  (L.)  DC 
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!*  Lespedeza  violacea  (L.)  Pers. 

L.  virginica  (L.)  Britt. 

Melilotus  alba  Medic. 

*  P  so  rale  a  tenui flora  Pursh 
Robinia  pseudoacacia  L. 

FAGACEAE 

Quercus  alba  L. 

Q.  macro  car  pa  Michx. 

!*  Q.  prinoides  Willd.  var.  acuminata  (Michx.)  Gl. 

Q.  rubra  L. 

Q.  velutina  Lam. 

GENTIANACEAE 

*  Gentiana  puberulenta  A.  Davids 

*  Gentianella  quinquefolia  (L.)  Small  ssp.  occidentalis  (Gray)  J.  Gillet 
GROSSULARIACEAE 

Ribes  missouriense  Nutt. 

HAMAMELIDACEAE 

Hamamelis  virginiana  L. 

HYDRANGEACEAE 

Hydrangea  arborescens  L. 

HYPERICACEAE 

*  Hypericum  sphaerocarpum  Michx. 

IRIDACEAE 

*  Sisyrinchium  campestre  Bickn. 

JUNCACEAE 

Juncus  tenuis  Willd. 

JUGLANDACEAE 

Cary  a  cordiformis  (Wang.)  K.  Koch 
C.  ovata  (Mill.)  K.  Koch 
C.  tomentosa  (Poir.)  Nutt. 

Jug  la  ns  nigra  L. 

LAMIACEAE 

*  Monarda  fistulosa  L. 

Pycnanthemum  pilosum  Nutt. 

*  Scutellaria  leonardii  Epling 

S.  ovata  Hill  var.  versicolor  (Nutt.)  Fern. 

*  Teucrium  canadense  L. 

LAURACEAE 

S  assafras  albidum  (Nutt.)  Nees 
LILIACEAE 

!*  Asparagus  officinalis  L. 

*  Hypoxis  hirsuta  (L.)  Coville. 

Polygonatum  commutatum  (Schult.)  A.  Dietr. 

Smilicina  racemosa  (L.)  Desf. 

Trillium  flexipes  Raf. 

T.  nivale  Riddell 

T.  recurvatum  Beck. 

Uvularia  grandi flora  Sm. 
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LINACEAE 

*  Linum  sulcatum  Riddell 
MENISPERMACEAE 

Menispermum  canadense  L. 

MORACEAE 
Morus  rubra  L. 

OLEACEAE 
!*  Fraxinus  americana  L. 

OPHIOGLOSSACEAE 

Botrychium  virginianum  (L.)  Sw. 

ORCHIDACEAE 

*  Spirant he s  cernua  (L.)  Rich 
OXALIDACEAE 

Oxalis  stricta  L. 

!*  O.  violacea  L. 

OROBANCHACEAE 
Orobanche  uniflora  L. 

PAPAVERACEAE 

Dicentra  cucullaria  (L.)  Bernh. 

Sangu inaria  canadensis  L. 

PHYRMACEAE 

Phyrma  leptostachya  L. 

POACEAE 

Agrostis  hyemalis  (Walt.)  BSP 

*  Andropogon  gerardi  Vitman 

*  Bouteloua  curtipendula  (Michx.)  Torr. 

Bromus  purgans  L. 

B.  tectorum  L. 

Danthonia  spicata  (L.)Roem.  &  Schultes 

*  Dichanthelium  acuminatum  (Sw.)  Gould  &  Clark  var.  fasciculatum 
(Torr.)  Freckm. 

D.  latifolium  (L.)  Gould  &  Clark 

*  D.  liebergii  (Vasey)  Freckm. 

D.  oligosanthes  (Schult.)  Gould 

D.  villosissimum  (Nash)  Freckm.  var.  praecocius  (Hitchc.  &  Chase) 
Freckm. 

Elymus  hystrix  L. 

Festuca  obtusa  Biehler 
F.  pratensis  Fluds. 

Muhlenbergia  sobolifera  (Muhl.)  Trin. 

Poa  ne  moral  is  L. 

P.  pratensis  L. 

*  Schizachyrium  scoparium  (Michx.)  Nash 

*  Sorghastrum  nutans  (L.)  Nash 

*  Sporobolus  heterolepis  (Gray)  Gray 

Vulpia  octoflora  (Walt.)  Rydb.  var.  glauca  (Nutt.)  Fern. 
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POLEMONIACEAE 

Phlox  divaricata  L.  ssp.  laphamii  (Wood)  Wherry 

*  P.  pilosa  L. 

POLYGALACEAE 

*  Polygala  senega  L. 

*  P.  verticillata  L. 

PORTULACACEAE 

Claytonia  virginica  L. 

PRIMULACEAE 

*  Lysimachia  ciliata  L. 

PYROLACEAE 

Monotropa  hypopithys  L. 

RANUNCULACEAE 
!*  Anemone  cylindrica  Gray 
A.  virginiana  L. 

Hepatica  noblis  Mill.  var.  acuta  (Pursh)  Steyerm. 

*  Ranunculus  hispidus  Michx. 

RHAMNACEAE 

*  Ceanothus  americanus  L. 

ROSACEAE 

Agrimonia  gryposepala  Wallr. 

Amelanchier  arborea  (Michx. f.)  Fern. 

Crataegus  pruinosa  (Wendl.)  K.  Koch 
Fragaria  virginiana  Duchesne 
Geum  canadense  Jacq. 

!*  Malus  ioensis  (Wood)  Britt. 

Potentilla  simplex  Michx. 

Prunus  serotina  Ehrh. 

!*  Rosa  Carolina  L. 

Rubus  allegheniensis  Porter 
R.  enslenii  Tratt. 

R.  frondosus  Bigel. 

R.  occidental  is  L. 

RUBIACEAE 

Galium  aparine  L. 

G.  circaezans  Michx. 

G.  concinnum  Torr.  &  Gray 
G.  triflorum  Michx. 

RUTACEAE 

Ptelea  trifoliata  L. 

Zanthoxylum  americanum  Mill. 

SALICACEAE 

Populus  deltoides  Marsh 
!*  P.  grandidentata  Michx. 

SANTALACEAE 

*  Comandra  umbel  I  at  a  (L.)  Nutt. 

SAXIFRAGACEAE 

Heuchera  richardsonii  R.  Br.  var.  gray  ana  Rosend.,  Butt.  &  Lak. 
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ABSTRACT 

This  paper  describes  the  implementation  of  a  cryptographic  system  using  the 
arithmetics  of  Cayley's  classical  algebra.  A  prototype,  using  100  norm  3 
codewords,  running  on  an  International  Business  Machines  Personal  Computer 
AT  with  Turbo  Pascal  as  programming  language  and  a  space  character  as 
delimiter  between  variable  length  frames  gave  interactive  encryption  and 
decryption  without  delay,  an  information  rate  with  an  upper  bound  of  10  bits  per 
character,  and  a  maximum  frame  length  of  18  before  single  precision  overflow.  In 
view  of  the  time  required  to  perform  exhaustive  search  factorization,  the  number 
of  parentheses  patterns,  the  fact  that  codewords  may  have  diverse  components 
and  patterns  of  sign,  the  fact  that  bases  can  be  changed,  and  the  choice  of  order 
and  orders  in  the  decryption  algorithm,  it  would  appear  that  plaintext  attack  is  time 
consuming  and  that  systems  may  be  judged  secure. 

INTRODUCTION 

The  paper  describes  the  implementation  of  security  in  data  communications 
using  an  original  cryptographic  method  of  algebra  and  number  theory  [1 4]. 

A  Cayley  algebra  C  is  an  eight  dimensional  algebra  defined  over  the  real  numbers 
and  having  nonassociative  multiplication.  All  octants  or  elements  of  C  satisfy  a 
rank  equation  and  have  a  multiplicative  norm  equal  to  the  sum  of  the  squares  of 
the  coefficients.  A  Cayley  arithmetic  J  has  a  multiplicative  identity,  is  closed  under 
addition,  subtraction  and  multiplication,  and  is  such  that,  for  all  elements  of  J,  the 
rank  equation  has  rational  integral  coefficients  [6]. 
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The  objective  of  the  paper  is  to  describe  prototype  systems  software  for  the 
encryption  and  decryption  of  data  using  elements  of  norm  three  of  an  arithmetic  J 
and  to  illustrate  arithmetic  and  cryptographic  properties  of  any  J. 

The  encryption  process  translates  strings  of  characters  into  frames  of  Cayley 
integers.  The  compaction  process  uses  the  nonassociative,  norm  preserving 
Cayley  multiplication.  The  multiplication  admits  unique  factorization  up  to 
congruence  modulo  2  in  J.  An  algorithm  is  known  for  the  process  of 
decompaction  and  decryption  [14]. 

The  existence,  for  example,  of  a  Chinese  remainder  theorem  and  Moebius 
inversion  formulas  [9]  for  the  arithmetics  J  show  that  the  subject  of  number  theory 
in  Cayley  arithmetics  is  a  productive  field  of  research.  An  IBM  PC  AT  computer 
supported  the  development  of  the  prototype  which  is  believed  to  be  important 
from  the  point  of  view  of  mathematics,  cryptography,  data  security,  integrity  and 
communication.  Techniques  of  pure  mathematics  research  and  software 
systems  design,  development  and  quality  control  were  applied. 

LOGISTICS 

The  stages  in  the  development  of  the  encrypter  and  decrypter  prototype, 
referred  to  as  the  two  parts  of  the  project,  were  as  follows. 

(i)  Lectures  were  given  to  interested  graduate  students  at  this  university  on 
Cayley's  algebra,  arithmetics,  and  cryptography.  Reading  material  was  assigned 
from  the  texts  by  Lidl  [15]  and  Welsh  [21]  on  cryptography  and  the  text  by  Klir  [5] 
on  the  architecture  of  systems  problem  solving,  and  notes  of  the  author  on 
systems  programming. 

(ii)  The  two  parts  of  the  project  were  specified  and  defined.  Discussion  of  data 
structures  was  followed  by  algorithm  development  and  discussion  of  modularity. 
A  top  down  plan,  with  flowcharts,  of  the  required  software  prototype  was 
designed. 

(iii)  Modules  of  the  prototype  were  designed,  coded  and  tested,  and  finally 
assembled  into  the  complete  package.  The  lectures,  and  design,  analysis  and 
coding  training  experience  were  offered  as  part  of  the  seminar,  guided  study  and 
research  classes  available  to  graduate  students  at  this  university. 

(iv)  In  the  development  of  the  main  project,  quality  control  and  absolute  accuracy 
were  fundamental  to  the  evaluation  process.  It  was  found  that  possibilities  for 
designing  other  cryptographic  systems,  including  those  using  the  difficult  twisted 
composition  algebras  defined  over  an  algebraic  number  field,  exist.  Further 
research  on  Cayley  arithmetics  was  carried  out  to  deal  with  these  possibilities. 

(v)  An  IBM  PC  AT  computer,  dedicated  to  the  project,  provided  sufficient 
computer  power  for  the  development  of  the  two  parts  of  the  project. 

The  detailed  description  of  the  work  undertaken  designing  and  developing  the 
two  parts  of  the  project  is  given  in  the  following  sections.  Cayley  multiplication 
has  already  been  successfully  programmed  and  plays  a  fundamental  role  in  both 
encryption  and  decryption. 
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THE  PROGRAM  CRYPT 

The  goal  of  the  program  CRYPT  is  to  develop  a  cryptosystem  with  elements  of 
fixed  norm  3  as  code  words.  The  program  is  made  up  of  5  units:  unit 
DATATYPE,  unit  READTBL,  unit  MULTIPLY,  unit  ENCRYPT,  and  unit 
DECRYPT.  Unit  DATATYPE  declares  the  common  data  types  and  variables  used 
in  the  system.  Unit  READTBL  reads  the  codeword  table  and  input  plaintext 
strings.  Unit  MULTIPLY  performs  Cayley  multiplication  to  obtain  a  cipher  or 
encoded  frame.  Unit  ENCRYPT  encodes  input  strings,  generates  a  cipher  and 
records  control  characters.  Unit  DECRYPT  decodes  a  cipher  using  the  control 
characters  and  produces  plaintext. 

The  program,  CRYPT,  is  a  prototype.  Input  to  be  fed  to  the  encryption  process 
and  output  to  be  obtained  from  the  decryption  process  consist  of  strings  of 
uppercase  letters,  spaces,  and  special  characters  except  'A\  The  maximum 
number  of  input/output  characters  which  can  be  encoded  by  CRYPT  at  one  time 
is  in  multiples  of  80.  Not  more  than  18  characters  can  be  encrypted  and 
decrypted  in  one  frame  because  the  single  precision  integer  type  variable  is  in 
the  range  -32,768  to  32,767  in  Turbo  Pascal. 

The  codeword  table  has  fields:  uppercase  character,  space  or  special  character, 
control  character,  and  codeword  or  octant.  The  control  character  ranges  from  0  to 
7  and  is  determined  by  a  heuristic  mathematical  calculation.  Control  characters 
provide  a  key  to  the  system  and  are  output  by  the  encryption  process  and  input 
to  the  decryption  process.  A  codeword  or  octant  consists  of  any  combination  of 
three  signed  ones  and  five  zeros.  The  table  is  arranged  in  the  order  of  ASCII 
code  (Figure  1). 

A  cipher  is  generated  by  the  encryption  process  and  is  fed  to  the  decryption 
process.  A  cipher  consists  of  8  integers.  The  greatest  common  factor  of  the 
integers  of  a  cipher  must  not  be  divisible  by  3  to  ensure  unique  factorization. 

A  frame  is  a  set  of  codewords  that  can  be  encrypted  together  as  a  single  octant 
without  causing  overflow  on  the  available  machinery. 

The  encryption  process  reads  input  strings  supplied  by  the  user.  The  process 
first  checks  their  validity.  If  there  is  any  invalid  character,  the  process  is  stopped. 
The  process  regards  a  space  included  in  an  input  string  as  a  delimiter.  In  other 
words,  input  strings  are  separated  by  spaces  into  frames  and  the  process 
performs  encryption  only  for  frames.  Each  cipher  is  checked  to  determine 
whether  the  greatest  common  divisor  of  its  components  is  divisible  by  3.  If  the 
greatest  common  divisor  is  divisible  by  3,  an  appropriate  special  character  or 
characters  are  inserted  into  the  frame.  The  new  frame  is  encrypted  again.  The 
encryption  process  is  repeated  until  we  obtain  a  cipher  with  greatest  common 
divisor  not  divisible  by  3. 

For  each  input  character,  the  encryption  process  looks  up  the  corresponding 
character  in  the  codeword  table.  Control  characters  and  ciphers  are  transmitted 
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to  the  decryption  process.  The  decryption  process  finds  all  characters  and 
codewords  with  control  character  equal  to  the  given  control  character  and 
multiplies  the  transmitted  cipher  by  the  conjugates  of  the  codewords 
corresponding  to  the  given  control  character.  If  the  resulting  cipher  is  divisible  by 
3,  the  character  is  part  of  the  transmitted  plaintext  and  is  output. 

PROTOTYPE  PROGRAM  UNITS 


Unit  DATATYPE  defines  global  variables  used  during  the  execution  of  the 
program  CRYPT. 

Const 

length_byte=8; 

length_code=56; 

max_length=80; 

Type 

octant=array[1..length_byte]  of  integer; 

{  array  for  codeword  } 
stack_char=array[1  ..maxjength]  of  char; 

{  array  for  input } 

stack_codeword=array[1  ..maxjength]  of  octant; 

{  array  for  output } 


table =record 
alpha:char; 
control:char; 


codeword  :octant; 


Var 


{ record  for  the  codeword  table  } 

{ letters  and  special  characters } 

{  control  characters  of  letters } 

{ and  characters } 

{  codeword  of  letters  and  special } 
{ characters } 

table_struc=array  [1  ..length_code]  of  table; 

{  array  for  the  codeword  table  } 
matrix_2=array[1..1,1..length_byte]  of  integer; 

{ workspace  for  an  octant } 

i_message,s_message:stack_char; 

control_char:stack_char; 

code:stack_codeword; 

codeJable:table_struc; 

flag:char; 

no_ch:integer; 


Unit  ENCRYPT  encrypts  input  strings  and  calls  unit  MULTIPLY  to  produce  an 
octant  cipher.  The  unit  contains  the  procedure  Calculate_Codeword. 

Procedure  Calculate_Codeword  (x:integer; 

var  codel  :stack_codeword); 

{  This  procedure  repeats  the  calculation  until  we  obtain  } 

{octant.  } 

{  The  Parameter  -  x  :  the  number  of  the  input  string  } 
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{  Output  Parameter  -  codel  :  array  of  codewords  } 

{  At  the  end  of  this  } 

{  procedure,  the  first  } 

{  element  of  codel  is  the  } 

{  desired  octant.  } 


var 

a,b:integer; 

result:matrix_2  {  a  work  space  for  an  octant } 
matrix2:matrix_2;  {  a  work  space  for  an  octant } 
begin 

for  a  :=  x  downto  1  do 
begin 

{  move  the  codeword  to  the  work  space  to  calculate  an  } 

{octant  } 

for  b  :  1  to  length_byte  do 
matrix2[1,b]  :=code1[a,b]; 

{  does  the  matrix  multiplication } 

Multi_Codeword  (codel [a-1],matrix2, result); 

{  move  the  value  obtained  from  Multi_CodeWord  to  codel  } 

for  b  :=  1  to  length_byte  do 
codel [a-1,b]  ;=  result[1,b]; 
end;  { for  loop ) 
end;  {  Calculate_Codeword } 

Unit  MULTIPLY  performs  Cayley  multiplication.  The  unit  is  called  by  ENCRYPT 
and  DECRYPT. 


Procedure  Multi_CodeWord  (a:octant; 

b:matrix_2; 
var  m:matrix_2); 

{  This  procedure  is  to  calculate  codewords  to  get  string  } 

{ encrypted.  } 

{ Input  Parameters  -  a  :  a  work  space  for  an  octant  } 

{  the  second  last  element  of  the  } 

{  table  ‘code*  } 

{  b :  a  work  space  for  an  octant  } 

{  the  last  element  of  the  table  } 

{  'code'  } 

{  Output  Parameter  -  m  :  a  work  space  for  the  octant  } 

{ calculated  } 


var 

i,j,k,:integer; 

s:integer; 

c,d:array[1..length_byte,1..length_byte]  of  integer; 
e,z:octant;  {work  spaces  for  an  octant } 

begin 

for  i  :=  1  to  length_byte  do 
for  j  :=  1  to  length_byte  do 
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c[i,j]  :=  a[i]  *  b[1,j]; 
s:=c[1,1]; 

for  i:=2  to  lengthbyte  do 
s  :=  s  -  c[i,i]; 

for  i  :=2  to  length_byte  do 
begin 

e[i]  :=  c[1  ,i]+c[i,1]; 
for  j  :=  2  length_byte  do 

c[i,j] :+  a[i]  *  b[1,j]; 
s:=  c[1 ,1]; 

for  i:=2  to  length_byte  do 
s  :=  s  -  c[i,i]; 

for  i  :=2  to  length_byte  do 
begin 

e[i]  :=  c[1,i]+c[i,1}; 
for  j  :=  2  to  length_byte  do 
d[ij]  :=  c[i,j]-c[j,i]; 
end;  { for  loop } 

z[1]  :=  d[3,4]+d[5,6]+d[8,7]+e[2]; 
z[2]  :=  d[4,2]H-d[5,7]H-d[6,8]H-e[3]; 
z[3]  :=  d[2,3]+d[7,6]+d[5,8]+e[4]; 
z[4]  :=  d[6,2]+d[7,3]+d[8,4]+e[5]; 
z[5]  :=  d[2,5]+d[4,7]+d[8,3]+e[6]; 
z[6]  :=  d[3,5]+d[6,4]+d[1 ,8]+e[7]; 
z[7]  :=  d[3,6]+d[4,5]+d[7,2]+e[8]; 
m[1 ,1]  :=  s; 

for  k  :=  2  to  length_byte  do 
m[1,k]  :=  z[k-1  ]; 
end;  {  Multi_CodeWord } 

EXAMPLES  AND  CONCLUSIONS 

Here  is  an  example  of  running  the  program. 

*  Enter  the  input  string  ...  VIA*VERITAS*VITA 

*  Control  Char.  ==>  0730073723300723 

*  Octant  ==> -2212  -1573  1251  -2519  -155  -128  3986  -3441 

*  Char.  Decrypted  ==>  VIA*VERITAS*VITA 

The  system  encrypts  VIA*VERITAS*VITA  and  decrypts  without  any  difficulty. 
Here  is  another  example. 

*  Enter  the  input  string  ...  VIA  VERITAS  VITA 

*  Control  Char.  ==>  073 

Octant  ==>  -2  -3  2  1  0  2  -1  2 

*  Char.  Decrypted  ==>  VIA 

*  Press  Enter  to  see  more. 
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*  Control  Char.  ==>  07372363 

Octant  ==>  37  -28  4  -21  38  33  7  37 

*  Char.  Decrypted  ==>  VERITAIS 

*  Press  Enter  to  see  more. 

*  Control  Char.  ==>  0723 

*  Octant  ==>  -2  -4  -2  0  -4  2  1  6 

*  Char.  Decrypted  ==>  VITA 

Here  VIA  VERITAS  VITA  is  regarded  as  three  separate  input  frames.  The  system 
performs  the  encryption  and  decryption  processes  for  each  frame.  In  the  case  of 
VERITAS,  a  special  character, "!",  is  inserted  into  the  string  because  the  cipher  of 
VERITAS  has  common  factor  divisible  by  3. 

A  third  example  follows. 

*  Enter  the  input  string  ...WATSON 

*  Control  Char.  ==>  73234675 

Octant  ==>  -15  38  19  -14  -3  -43  19  46 
Char.  Decrypted  ==>  WATSOEN 

Two  special  characters  are  inserted  into  the  string,  ’WATSON'.  The  location 
where  a  special  character  is  inserted  is  determined  by  the  system. 

The  demonstration  program  runs  in  an  interactive  mode.  An  evaluation  program 
was  written  which  does  not  employ  the  interactive  mode.  Here  an  input  frame  is 
10  characters  long.  For  example,  7,218  characters  were  read  and  43,295  bits 
were  needed  to  generate  the  encryption.  The  information  rate  was  found  to  be 
about  8  bits  per  character. 
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ABSTRACT 

At  present,  one  in  every  twelve  drugs  prescribed  in  the  United  States  contains 
ingredients  derived  from  tropical  rain  forest  plants.  Worldwide,  one  in  three  of 
plant-derived  drugs  comes  from  tropical  rain  forest  plants.  In  view  of  the  fact  that 
65%  of  flowering  plants  growing  on  our  planet  are  found  in  the  tropical  belt,  of 
which  only  a  small  fraction  has  been  investigated  for  medical  purposes,  it  is 
believed  that  further  investigation  of  tropical  rain  forest  plants  will  yield  important 
drugs  to  treat  diseases  for  which  we  still  have  no  satisfactory  cures.  However, 
with  the  rapid  process  of  decimation  of  this  biome,  which  is  currently  recognized 
worldwide,  and  with  the  consequence  of  large  scale  species  extinction,  the 
prospect  of  finding  new  medicinal  compounds  from  tropical  rain  forest  plants  will 
be  slim  unless  serious  measures  are  taken  and  sustained  to  conserve  the  tropical 
rain  forests.  Attempts  should  now  be  implemented  to  mount  and  support  large 
scale  exploration  to  study  tropical  rain  forest  plants  for  their  medical  potential. 

INTRODUCTION 

Tropical  rain  forests  comprise  the  broad-leafed  evergreen  plant 
community  that  thrives  in  the  tropical  belt,  located  between  the  Tropic  of  Cancer 
and  the  Tropic  of  Capricorn  (23°  27'  north  and  south  latitudes,  respectively).  The 
definition  of  the  term  tropical  rain  forest  has  been  extensively  discussed  by 
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Richards  (1952)  and  more  recently  by  Myers  (1984,  1986).  These  forests  have  a 
closed  canopy  at  least  30  m  in  height,  usually  with  several  more  or  less  distinct 
strata,  and  are  rich  in  woody  lianas  and  in  arborescent  and  herbaceous 
epiphytes,  though  the  woody  forms  predominate.  They  have  developed  in  areas 
where  the  annual  precipitation  is  at  least  2,000  mm  and  the  mean  annual 
temperature  is  around  24°  C  and  frost-free.  Current  estimates  put  the  extent  of 

this  tropical  biome  at  9  million  km2  (about  7%  of  the  earth’s  land  surface),  of  which 
5.1  million  km2  are  in  tropical  America,  1. 9-2.1  million  in  Asia  and  1.8  million  in 
Africa  (Sommer  1976;  Myers  1980,  1984). 

Biotically,  the  tropical  rain  forests  are  the  richest  terrestrial  biome  on 
earth.  Even  though  their  total  area  is  only  7%  of  the  earth's  land  surface,  more 
than  50%  of  the  species  of  organisms  found  on  our  planet  (estimated  at  between 
2.5  and  30  million;  Lovejoy  1980;  Erwin  1983,  1988;  Myers  1988;  Wilson  1988) 
occur  in  these  forests.  For  the  flowering  plants  alone,  about  50%  of  the 
estimated  250,000-500,000  species  are  believed  to  be  found  in  the  tropical  rain 
forests  (Prance  1977;  Myers  1984,  1986;  Schultes  1985). 

Since  the  beginning  of  human  existence,  this  tropical  biome  has 
contributed  a  myriad  of  items  for  the  survival  and  well-being  of  man,  which  include 
basic  food  supplies,  clothing,  shelter,  fuel,  spices,  industrial  raw  materials  and 
medicines.  Long  before  the  development  of  modern  medicine,  the  tropical  rain 
forests  provided  many  plant  products  that  natives  of  various  cultures  used  to 
treat  various  types  of  diseases.  Examples  are  Cinchona  bark  to  treat  malaria 
(South  America),  coca  leaves  as  a  local  anesthetic  (South  America),  Indian 
snakeroot  to  treat  cases  of  insanity  (tropical  Asia),  castor  oil  as  a  purgative  (tropical 
Asia/ Africa)  and  ipecac  root  to  treat  dysentery  (Taylor  1965).  Several  hundred 
years  have  passed  since  the  first  re-discovery  of  these  medicinal  plants  by  the 
European  explorers  and,  lo  and  behold,  we  now  have  quinine  to  treat  malaria  and 
quinidine  to  treat  heart  tachycardia,  cocaine  and  related  synthetic  analogs  as  local 
anesthetics,  reserpine  to  treat  hypertension,  castor  oil  as  a  laxative  and  emetine 
as  an  antiamebic.  Of  course,  it  has  not  been  without  much  hard  work  and 
persevering  effort  that  these  medicinally  important  compounds  were  developed 
for  use  in  modern  therapy.  Thanks  to  these  re-discoveries,  millions  of  lives  have 
been  spared  and  much  human  suffering  alleviated. 


CURRENT  IMPORTANCE  OF  TROPICAL  RAIN  FORESTS  TO 

MODERN  MEDICINE 

The  most  important  direct  contribution  of  the  tropical  rain  forests  to 
medicine  is  to  provide  chemical  compounds  that  may  be  used  directly  as 
pharmaceuticals  in  their  natural  or  native  form.  Worldwide,  there  are  120  or  so 
pure  chemical  compounds  derived  from  approximately  102  flowering  plant 
species,  which  are  in  use  clinically  (Farnsworth  et  al.  1985;  Farnsworth  1988).  Of 
these  120  drugs,  61  (derived  from  40  flowering  plant  species)  are  currently  used 
as  drugs  in  the  United  States.  Of  these  61  drugs,  20  come  from  16  plants 
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originated  in  and  around  the  tropical  rain  forest  areas.  A  list  of  all  drugs  used 
clinically  worldwide  that  are  derived  from  tropical  forest  plants  is  presented  in 
Table  1. 

Since  25%  of  all  prescriptions  sold  in  community  pharmacies  in  the 
United  States  still  contain  ingredients  derived  from  plants  (Farnsworth  and  Morris 
1976;  Farnsworth  and  Soejarto  1985),  and  since  20  out  of  61  drugs  used 
clinically  in  the  United  States  are  derived  from  plants  originating  from  the  tropical 
rain  forest  areas,  chances  are  that  one  in  every  twelve  drugs  sold  in  community 
pharmacies  in  the  United  States  comes  from  a  tropical  rain  forest  plant.  Although 
this  figure  seems  small,  the  monetary  value  of  the  share  is  considerable.  It  has 
been  estimated  that  in  1980  American  consumers  paid  $8  billion  for  all  plant- 
derived  prescription  drugs  (Farnsworth  and  Soejarto  1985).  One-third  of  this  cost 
(ca.  $2.7  billion)  represents  the  share  of  pure  compounds  derived  from  tropical 
rain  forest  plants.  This  figure  does  not  include  plant  products  derived  from  more 
than  500  plant  species  sold  over-the-counter,  many  of  which  are  derived  from 
plants  originating  from  the  tropical  rain  forest  areas  (Farnsworth  and  Soejarto 
1985). 

Aside  from  the  chemicals  that  may  be  used  directly  as  drugs,  tropical  rain 
forest  plants  contribute  to  medicine  by  providing  chemical  compounds  that  may 
be  used  as  the  starting  material  or  precursor  for  synthetic  modification  to  produce 
therapeutically  useful  drugs.  A  frequently  cited  example  is  the  use  of  diosgenin, 
a  steroidal  sapogenin  extracted  from  the  tubers  of  tropical  plants  of  the  genus 
Dioscorea,  as  a  starting  material  for  the  semisynthesis  of  steroid  hormones,  such 
as  progesterone  (an  ingredient  of  female  oral  contraceptive  pills),  cortisone  and 
hydrocortisone  (antiinflammatory  agents).  In  1973,  steroids  (95%  from 
diosgenin)  represented  the  largest  number  of  plant-derived  compounds 
(225,050,000  prescriptions)  sold  in  the  United  States,  comprising  14.69%  of  the 
total  prescriptions  (1.532  billion)  filled  that  year  (Farnsworth  1977).  Before  the 
discovery  of  the  synthetic  modification  of  diosgenin  to  progesterone,  the  source 
of  this  hormone  was  animal  gonads  and  adrenal  glands,  but  because  of  its  high 
cost,  it  was  not  practical  to  use  the  pure  hormone  in  therapy.  To  quote  an 
example,  in  1934,  Schering  Laboratories  of  Berlin  needed  625  kg  of  ovaries  from 
50,000  sows  in  order  to  obtain  just  20  mg  of  pure  crystalline  progesterone  (Tyler 
1988).  In  1974  alone,  tropical  Mexico  produced  about  600  tons  of  diosgenin 
which  were  sold  at  $27. 70/kg  (about  0.003  cents  per  mg)  as  the  starting  material 
for  the  manufacture  of  sex  hormones  (Oldfield  1984).  Without  the  plant  source, 
the  cost  of  commercially  producing  large  quantities  of  hormonal  compounds 
would  be  astronomical. 

Another  example  of  a  therapeutically  useful  drug  from  the  tropical  rain 
forests  that  has  been  derived  through  semisynthesis  is  the  amebicide  emetine 
(dehydroemetine  is  the  pharmaceutically  useful  form).  Ipecac  root  from  Central 
and  Northern  South  America  (Colombia,  Costa  Rica,  Nicaragua  and  Panama) 
contains  a  higher  quantity  of  the  alkaloid  cephaeline  than  emetine.  The 
commercial  production  of  emetine,  therefore,  formerly  utilized  the  methylation  of 
cephaeline  to  produce  emetine,  in  addition  to  direct  extraction  of  this  alkaloid 
from  the  plant  (Tyler  1988);  dehydroemetine,  however,  is  produced  synthetically 
at  this  time. 
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Lastly,  chemical  compounds  produced  by  tropical  plant  species  may 
serve  as  prototype  molecules,  "blueprints"  or  templates  for  complete  synthesis 
of  chemical  analogs,  the  latter  to  be  used  as  more  efficacious  and  safer  drugs. 
Some  widely  cited  examples  of  completely  synthesized  drugs  using  blueprints 
from  tropical  forest  plants  are  the  various  synthetic  local  anesthetics  lidocaine, 
mepivacaine,  benzocaine,  etc.  based  on  the  molecular  structure  of  cocaine,  the 
tropane  alkaloid  isolated  from  the  tropical  South  American  plant  Erythroxylum 
coca  Lam.  The  number  of  clinically  useful  synthetic  drugs  based  on  prototype 
molecules  produced  by  tropical  rain  forest  plants  is  minimal  at  this  moment,  due 
to  the  high  cost  of  the  synthetic  product.  As  an  example,  a  comparison  is  often 
made  between  the  cost  of  the  synthetic  vs.  natural  reserpine.  In  1970's,  the  cost 
of  synthetic  reserpine  was  $1.25/g,  whereas  that  of  the  naturally  derived  product 
was  $0.75/g  (Oldfield  1984).  The  higher  cost  of  synthetic  reserpine  is  due  to  the 
difficulty  of  synthesizing  this  compound  commercially.  As  a  result,  reserpine 
extracted  from  the  snakeroot  plant  continued  to  be  the  source  of  the  drug. 

Because  of  the  high  cost  of  commercially  synthesized  plant-derived 
drugs,  almost  all  drugs  derived  from  tropical  rain  forest  plants  are  currently  still 
extracted  directly  from  their  natural  sources.  Globally,  only  12%  of  clinically  useful 
plant-derived  drugs  are  currently  produced  commercially  through  synthesis 
(based  on  data  in  Farnsworth  1988). 

Another  contribution  of  tropical  rain  forests  to  medical  science  is  in  the 
provision  of  animals  used  in  medical  research,  particularly  primates  (Mitruka  et  al., 
1976;  Dukelow,  1983;  Committee  on  the  Use  of  Laboratory  Animals  in 
Biomedical  and  Behavioral  Research,  1988).  Because  many  primate  species 
cannot  be  bred  successfully  in  captivity,  a  large  portion  of  these  animals  had  to 
be  collected  from  the  wild  in  tropical  areas.  While  in  the  past  this  supply  of  wild- 
bred  primates  has  contributed  in  important  ways  to  furthering  medical  research,  it 
is  to  be  hoped  that  the  need  for  animal  research  will  diminish  in  the  future. 

Based  on  these  two  contributions  which  the  tropical  rain  forests  have 
made  to  medicine  and  medical  sciences,  and  in  view  of  the  biotic  richness  of  this 
tropical  biome,  it  is  logical  to  ask  the  question  "could  the  tropical  rain  forests 
contribute  still  further  to  modern  medicine?"  This  question  is  asked  for  two 
reasons:  (1)  an  increasing  number  of  pathogenic  organisms  that  cause  human 
diseases  develop  resistance  to  the  currently  available  drugs  (Parker  1982; 
Webster  Jr.  1985;  Mandell  and  Sande  1985a,  1985b;  Sande  and  Mandell  1985), 
(2)  a  number  of  human  diseases  and  symptoms  at  present  have  no  cures  or  no 
satisfactory  cures  (Brodie  and  Smith  1985;  Tyler  1986).  As  we  are  looking  ahead 
into  the  twenty-first  century  in  the  search  for  new  drugs  to  replace  those  that 
have  lost  effectiveness  against  diseases  for  which  they  were  developed,  or  to 
search  for  new  drugs  for  the  treatment  of  diseases  or  symptoms  against  which  we 
have  no  cures  or  unsatisfactory  cures,  it  is  most  logical  that  we  look  towards  the 
tropical  rain  forests  for  such  chemical  compounds.  Current  data  indicate  that  the 
greater  proportion  of  the  tropical  rain  forest  plants  have  not  been  studied  for 
medical  purposes  (Soejarto  and  Farnsworth  1989). 
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THE  PROBLEM 

In  an  earlier  paper  (Soejarto  and  Farnsworth  1985)  the  point  has  been 
made  that  drug  discovery  and  development  from  the  tropical  rain  forests  have 
their  particular  problems.  The  most  important  of  these  is  the  problem  of  tropical 
rain  forest  depletion  due  to  commercial  logging,  fuelwood  consumption,  cattle 
ranching  and  forest  farming,  coupled  with  an  increasing  population  pressure  in 
the  area  of  the  tropical  rain  forests.  As  a  result  of  these  forces,  8-11  million 
hectares  of  forest  are  depleted  every  year  (Sommer  1976;  Myers  1980,  1984, 
1987). 

From  the  drug  discovery  point-of-view  the  most  important  effect  of  forest 
depletion  is  the  extinction  of  plant  and  animal  species,  as  well  as  the 
disappearance  of  human  cultures  which  have  developed  in  and  around  these 
forests  and  depended  on  them  for  their  existence. 

Based  on  a  conservative  figure  of  2.5  million  species  of  organisms 
occurring  in  the  tropical  rain  forests,  up  to  825,000  species  may  become  extinct 
in  a  low  deforestation  case,  and  up  to  1 ,250,000  in  a  high  deforestation  case,  by 
the  year  2000  (Lovejoy  1980).  A  greater  proportion  of  the  species  that  will 
become  extinct  comprise  the  insects  which  live  on  the  forest  canopies.  As 
regards  the  flowering  plants,  estimates  of  species  that  will  become  extinct  by  the 
year  2000  vary  between  10  and  25%  (Raven  1988)  or  higher  (Simberloff  1986). 
In  fact,  numerous  papers  have  been  published  that  deal  with  the  extinction 
process  (Simberloff  1986;  Myers  1980b,  1986,  1988;  among  others),  and  this 
concern  formed  the  basis  of  the  National  Forum  on  BioDiversity  held  in 
Washington,  D.C.,  on  September  21-24,  1986,  under  the  auspices  of  the 
National  Academy  of  Sciences  and  the  Smithsonian  Institution  (Wilson  1988). 
Ways  were  discussed  in  this  forum  on  how  to  arrest  or  slow  down  this  inevitable 
outcome. 

The  result  of  species  extinction  is  the  loss  of  genetic  resources  which 
may  be  potentially  useful  to  medicine  and  medical  research.  Perhaps,  it  is  easier 
to  to  grasp  the  significance  of  this  in  terms  of  monetary  value.  Thus,  if  we  put  the 
value  of  one  potentially  useful  plant  species  in  medicine  that  is  destined  to 
become  extinct  by  the  year  2000  at  $203  million  (1980  buying  power; 
Farnsworth  and  Soejarto  1985),  the  monetary  value  of  flowering  plant  species 
from  the  tropical  rain  forests  potentially  useful  to  medicine  that  are  destined  to 
become  extinct  by  the  year  2000  is  incalculable.  Since  the  plants  most  likely  to 
become  extinct  are  the  true  tropical  rain  forest  species  especially  those  that  are 
characteristic  of  or  endemic  to  a  particular  forest  region)  of  which  we  know 
nothing  or  very  little  about,  not  the  marginal  or  "weedy”  species  of  the  secondary 
and  disturbed  forests,  the  loss  of  such  species  represents  a  complete  loss  of  the 
genetic  pools  that  are  likely  to  provide  us  with  a  particular  chemical  compound(s) 
that  could  be  useful  in  therapy.  It  took  millions  of  years  to  mold  a  particular  genetic 
pool;  once  lost,  species  are  lost  forever. 

The  direct  consequence  of  the  disappearance  of  human  cultures  that 
occupy  the  tropical  rain  forests  is  the  loss  of  information  on  the  uses  of  forest 
plants  for  medicine.  Currently,  we  have  information  on  thousands  of  plants  that 
have  been  used,  one  way  or  another,  for  medicinal  purposes  (Anonymous  1979; 
Perry  and  Metzger  1980;  Schultes  1985;  Schultes  and  Raffauf,  1990).  Yet,  many 
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more  plants  that  the  tropical  rain  forest  peoples  know  to  be  useful  in  medicine,  a 
knowledge  they  acquired  through  millenia  of  trial  and  error,  remain  to  be  re¬ 
discovered.  From  the  examples  provided  at  the  beginning  of  this  paper,  it  is 
obvious  that  ethnomedical  or  folk  uses  represent  leads  for  drug  discovery  and 
may  shortcut  the  long,  winding  process  of  discovering  modern  therapeutic 
drugs.  Because  of  the  danger  of  the  loss  of  such  information,  attempts  should 
also  be  made  to  implement  measures  of  effective  conservation  advocated  by 
Schultes  (1987).  Norman  Taylor's  now  classic  book  (1965)  and  a  paper  by 
Farnsworth  et  al.  (1985)  should  provide  a  more  convincing  evidence  to  support 
this  assertion. 


WHAT  NEEDS  TO  BE  DONE  -  URGENTLY! 

Clearly,  time  is  running  short  before  a  great  number  of  tropical  rain  forest 
plants  potentially  useful  to  medicine  and  medical  research  are  gone  forever.  The 
most  urgent  action  that  is  needed  in  order  to  stem  or  slow  down  species 
extinction  from  the  tropical  rain  forests  is  certainly  the  conservation  of  this  tropical 
biome,  as  well  as  of  its  germplasm,  either  in  situ,  ex  situ  or  in  vitro.  This  subject 
has  been  extensively  dealt  with  in  many  papers  (Oldfield  1984;  Anonymous 
1985;  among  others),  including  those  in  the  book  Biodiversity  (Wilson  and 
Peters  1988). 

More  importantly,  while  time  is  still  available,  the  immediate  action 
needed  for  the  discovery  of  plants  potentially  useful  to  medicine  is  the 
exploration  of  tropical  rain  forests  in  a  massive  and  sustained  manner  to  collect 
plant  materials  to  be  used  for  screening  to  detect  interesting  biological  activities, 
followed  by  bioassay-guided  chemical  isolation  of  the  active  principles.  Some 
efforts  in  this  direction  are  now  being  taken  by  the  scientific  community.  The  new 
anticancer  and  anti-AIDS  plant  program  of  the  United  States  National  Cancer 
Institute  (Booth  1987;  Friend  1989)  currently  represents  the  largest  effort  in 
plant  drug  discovery.  Similarly,  many  natural  products  scientists  are  carrying  out 
field  explorations  and  follow-up  laboratory  investigations  of  tropical  rain  forest 
plants  worldwide.  One  can  easily  find  confirmation  of  this  by  scanning  scientific 
journals  dedicated  to  publishing  papers  on  results  of  research  on  natural 
products.  Unfortunately,  no  data  are  available  at  present  that  can  summarize 
numerically  the  extent  and  trends  of  research  activities  on  tropical  rain  forest 
plants,  especially  on  the  flowering  plants,  which,  by  far,  still  represent  the  most 
important  group  of  organisms  which  provides  us  with  clinically  useful  therapeutic 
agents. 

The  lack  of  such  statistics  inspired  us  to  generate  our  own  data,  albeit 
incomplete  at  this  moment,  which  we  believe  will  provide  some  information  on 
research  activities  in  the  search  for  biologically  active  compounds  from  tropical 
rain  forest  plants. 

We  analyzed  two  widely  read  international  natural  product  journals  for  the 
period  of  1980-1988  for  research  papers  on  tropical  rain  forest  plants.  The 
results  of  these  analyses  are  presented  in  Figures  1  and  2.  If  the  numbers  can  be 
taken  as  a  reflection  of  research  activities  involving  plants  from  the  tropical  rain 
forest  areas  of  the  world,  then,  there  is  cause  for  concern,  because  a  downward 
trend  for  the  past  three  years  is  evident.  It  is  to  be  hoped  that  this  is  not  the  case. 
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It  should  be  noted  that,  in  the  Journal  of  Natural  Products,  the  total  number  of 
articles  on  plants  has  declined  from  82%  to  76%  in  the  last  three  years,  as  there 
has  been  an  increasing  interest  in  marine  animal  products.  The  percentage  of 
plant  articles  concerning  tropical  plants  was  lower  in  1988  (30%)  than  in  1986 
(34%)  and  1987  (35%).  In  Planta  Medica.  however,  the  percentage  of  articles 
concerning  plants  remain  stable  for  the  last  three  years  (97-98%),  but  the 
proportion  of  articles  on  plants  which  concerned  with  tropical  plants  dropped 
from  24%  in  1986  to  19%  in  1988.  We  are  extending  our  analyses  to  include 
other  journals  (both  local  and  international)  that  deal  primarily  with  medicinal  plant 
exploration  and  with  natural  product  research,  in  an  attempt  to  get  a  better  overall 
picture  of  the  current  trends  in  research  on  tropical  rain  forest  plants  for  their 
potential  uses  in  medicine. 

With  hard  work  and  perseverance,  our  efforts  should  be  rewarded,  as 
shown  by  many  recent  papers  on  the  discovery  of  promising  biological  activities 
from  various  tropical  rain  forest  plants  that  may  be  potentially  useful  to  medicine: 
antimicrobial  and  potential  immunostimulating  activity  was  shown  by  Okoubaka 
aubrevillei  (Santalaceae)  (Wagner  et  al.  1985),  cardiac  activity  by  Dysoxylum 
lenticellare  (Meliaceae)  (Aladesanmi  and  llesanmi  1987),  and  antimalarial  activity 
by  Brucea  javanica  (Simaroubaceae)  (O'Neill  et  al.  1987).  Yohimbine,  potentially 
useful  for  the  treatment  of  psychogenic  impotence,  has  been  isolated  from 
Pausynistalia  yohimba  (Rubiaceae)  (Reid  et  al.  1987),  while  castanospermine, 
which  exhibits  anti-AIDS  activity,  is  found  in  Castanospermum  australe 
(Leguminosae)  (Duke  1989).  Antisickling  activity  has  been  shown  by  Carica 
papaya  (Caricaceae)  (Thomas  and  Ajani  1987)  and  antiviral  activity  by  Aglaia 
roxburghiana  (Meliaceae)  (Joshi  et  al.  1987).  These  are  but  a  few  of  the  recent 
interesting  accounts  of  plants  and  plant-derived  compounds  with  biological 
activities  of  potential  medical  relevance. 
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TABLE  1.  CLINICALLY  USEFUL  DRUGS  FROM  TROPICAL  RAIN  FOREST  PLANTS 


Compound  Name 

Plant  Source 

Therapeutic  Category 
in  Medical  Sciences 

Ajmalicine 

Rauvolfia  serpentina  (L.)  Benth.  ex  Kurz 
(Apocynaceae)  (Indian  snakeroot) 

Circulatory  stimulant 

Andrographolide 

Andrographis  paniculata  Nees  (Acanthaceae) 
(Karyat) 

Antibacterial 

Arecoline 

Areca  catechu  L.  (Palmae)  (Betel-nut  palm) 

Anthelmintic 

Asiaticoside 

Centella  asiatica  (L.)  Urban 

(Umbelliferae)  (Indian  pennywort) 

Vulnerary 

Atropine 

Duboisia  myoporoides  R.Br.  (Solanaceae) 
(Australian  cork  tree) 

Anticholinergic 

Bromelain 

Ananas  comosus  (L.)  Merrill  (Bromeliaceae) 

Antiinflammatory; 

£ 

(Pineapple) 

proteolytic 

Camphor 

$ 

Cinnamomum  camphora  (L.)  Nees  &  Eberm. 
(Lauraceae)  (Camphor  tree) 

Rubefacient 

Chymopapain 

Carica  papaya  L.  (Caricaceae)  (Papaya) 

Proteolytic;  mucolytic 

*Cocaine 

Erythroxylum  coca  Lam.  (Erythroxylaceae) 
(Coca) 

Local  anesthetic 

£urcumin 

Curcuma  longa  L.  (Zingiberaceae)  (Turmeric) 

Choleretic 

Deserpidine 

Rauvolfia  tetraphylla  L.  (Apocynaceae) 

Antihypertensive; 

(Snakeroot) 

tranquilizer 

L-Dopaa 

£ 

Mucuna  deeringia  (Bort.)  Merrill 
(Leguminosae)  (Velvet  bean) 

Antiparkinsonism 

Emetine 

Cephaelis  ipecacuanha  (Brot.)  A.  Richard 
(Rubiaceae)  (Ipecac) 

Amebicide;  emetic 

Glaucarubin 

Simarouba  glauca  DC.  (Simaroubaceae) 

(Paradise  tree) 

Amebicide 

Glaziovine 

Ocotea  glaziovii  Mez  (Lauraceae) 

(Yellow  cinnamon) 

Antidepressant 

£ossypol 

Gossypium  species  (Malvaceae)  (Cotton) 

Male  contraceptive 

Hyoscyamine 

Duboisia  myoporoides  R.Br.  (Solanaceae) 
(Australian  cork  tree) 

Anticholinergic 

Kawaina 

Piper  methysticum  Forst.f.  (Piperaceae) 
(Kava-kava) 

Tranquilizer 

Monocrotaline 

Crotalaria  spectabilis  Roth  (Leguminosae) 

Antitumor  agent 

(Rattlebox) 

(topical) 

Neoandrographolide 

Andrographis  paniculata  Nees  (Acanthaceae) 
(Karyat) 

Dysentery 

Nicotine 

Nicotiana  tabacum  L.  (Solanaceae) 

Insecticide 

* 

(Tobacco) 

Ouabain 

Strophanthus  gratus  (Hook.)  Baill. 

Cardiotonic 

• 

(Apocynaceae)  (Twisted  flower) 

^Papain 

Carica  papaya  L.  (Caricaceae)  (Papaya) 

Proteolytic;  mucolytic 

Physostigmine 

Physostigma  venenosum  Balf.  (Leguminosae) 
(Ordeal  bean) 

Anticholinesterase 

Picrotoxin 

Anamirta  cocculus  (L.)  Wright  &  Arn. 
(Menispermaceae)  (Fish  berry) 

Analeptic 

75 


^Pilocarpine 

Pilocarpus  jaborandi  Holmes  (Rutaceae) 

Parasympathomimetic 

*Quinidine 

(Jaborandi) 

Cinchona  ledgeriana  Moens  ex  Trimen 

Antiarrhythmic 

*Quinine 

(Rubiaceae)  (Yellow  cinchona) 

Cinchona  ledgeriana  Moens  ex  Trimen 

Antimalarial; 

(Rubiaceae)  (Yellow  cinchona) 

antipyretic 

Quisqualic  acid 

Quisqualis  indica  L.  (Combretaceae) 

Anthelmintic 

*Rescinnamine 

(Rangoon  creeper) 

Rauvolfia  serpentina  (L.)  Benth.  ex  Kurz 

Antihypertensive; 

(Apocynaceae)  (Indian  snakeroot) 

tranquilizer 

Reserpine 

Rauvolfia  serpentina  (L.)  Benth.  ex  Kurz 

Antihypertensive; 

(Apocynaceae)  (Indian  snakeroot) 

tranquilizer 

Rorifone 

Rorippa  indica  (L.)  Hiern  (Cruciferae) 

Antitussive 

Rotenone 

(Nasturtium) 

Lonchocarpus  nicou  (Aubl.)  DC. 

Piscicide 

(Leguminosae)  (Cube  root) 

Scopolamine 

Datura  metel  L.  (Solanaceae) 

Sedative 

Stevioside 

(Recurved  thornapple) 

Stevia  rebaudiana  Hemsley  (Compositae) 

Sweetener 

Strychnine 

(Sweet  herb;  Ka’a  He’e) 

Strychnos  nux-vomica  L.  (Loganiaceae) 

CNS  stimulant 

Theobromine 

(Nux  vomica) 

Theobroma  cacao  L.  (Sterculiaceae) 

Diuretic;  vasodilator 

*Tubocurarine 

(Cocoa,  cacao) 

Chrondrodendron  tomentosum  R.  &  P. 

Skeletal  muscle 

(Menispermaceae)  (Curare) 

relaxant 

Vasicine  (Peganine) 

Adhatoda  vasica  Nees  (Acanthaceae) 

Oxytocic 

^Vinblastine 

(Malabar  nut) 

Catharanthus  roseus  (L.)  G.  Don 

Antitumor  agent 

$ 

(Apocynaceae)  (Madagascan  periwinkle) 

Vincristine 

Catharanthus  roseus  (L.)  G.  Don 

Antitumor  agent 

Yohimbine 

(Apocynaceae)  (Madagascan  periwinkle) 
Pausinystalia  yohimba  (K.Schum.)  Pierre 

Adrenergic  blocker; 

ex  Beille  (Rubiaceae) 

aphrodisiac 

Updated  from:  Farnsworth  (1988):  Soejarto  and  Farnsworth  (1989) 
Currently  used  in  the  United  States 
aNow  also  synthesized  commercially 
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Figure  1.  Trends  of  research  activities  on  tropical  rain  forest  plants, 
based  on  statistics  of  articles  published  in  the  Journal  of 
Natural  Products,  1980-1988.  Tropical  articles  as  a  percentage 
of  total  articles  is  indicated  on  the  graph.  For  further  details, 
see  text. 
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Figure  2.  Trends  of  research  activities  on  tropical  rain  forest  plants, 
based  on  statistics  of  articles  published  in  Planta  Medica, 
1980-1988.  Tropical  articles  as  a  percentage  of  total  articles 
is  indicated  on  the  graph.  For  further  details,  see  text. 
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ABSTRACT 

Recent  collections  and  sightings  of  the  state-endangered  river  cooter, 
Pseudemys  concinna ,  have  been  made  in  Alexander,  Gallatin,  and  White  cos., 
Illinois.  The  largest  remaining  populations  of  river  cooters  in  the  state  likely  exist 
on  the  floodplains  of  the  Wabash  and  Ohio  rivers.  Other  possible  localities  are 
reviewed  and  discussed. 


INTRODUCTION 

The  river  cooter,  Pseudemys  concinna,  was  first  reported  in  Illinois  by 
Garman  (1890,  1892).  His  record  was  based  on  a  specimen  (INHS  10367) 
collected  by  a  Dr.  J.  Schenck  from  the  Wabash  River  near  Mt.  Carmel,  Wabash 
Co.  Cahn  (1937)  recorded  P.  concinna  from  Horseshoe  Lake  and  Cairo 
(Alexander  Co.),  Elizabethtown  (Hardin  Co.),  Murphysboro  (Jackson  Co.), 
Metropolis  (Massac  Co.),  Chester  (Randolph  Co.),  and  Union  Co.  Smith  (1961) 
added  Elsah  (Jersey  Co.)  to  the  locality  list.  Minton  (1972)  reported  records  from 
Knox,  Gibson,  and  Posey  cos.,  Indiana;  these  counties  border  the  Wabash  River 
opposite  of  Wabash,  White,  and  Gallatin  cos.,  Illinois.  Table  1  lists  museum 
holdings  of  P.  concinna  from  Illinois;  the  specimen  from  the  Kankakee  River  in 
northern  Illinois  is  likely  (if  not  undoubtedly)  a  release.  We  have  as  yet  not 
located  the  specimen  from  Elsah  cited  by  Smith  (1961). 

Taxonomically,  Illinois  populations  of  this  species  have  long  been  in  a 
state  of  confusion.  Upon  the  recommendation  of  Dr.  John  Crenshaw,  who 
studied  the  species  while  at  the  University  of  Florida,  Smith  (1961)  considered 
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the  Illinois  populations  as  hybrids  between  P.  floridana  hoyi  and  P.  concinna 
hieroglyphica.  Minton  (1972)  perpetuated  this  interpretation.  Seidel  (1981) 
synonymized  P.  f.  hoyi  with  P.  c.  hieroglyphica.  Ward  (1984)  revised  the 
species,  and  described  P.  c.  metteri  from  Missouri.  Ward  (1984)  apparently 
examined  no  cooter  from  Illinois,  but  his  map  (Ward,  1984:  29)  suggests  that  he 
considered  populations  in  the  state  to  be  chiefly  intergrade  P.  c.  hieroglyphica  X 
P.  c.  metteri.  However,  this  map  does  not  include  any  localities  in  Indiana  or 
southeastern  Illinois.  Our  specimens  from  this  area  best  fit  Ward's  (1984) 
description  of  P.  c.  hierglyphica ;  more  extensive  studies  of  the  populations  in 
Illinois  are  required  to  clarify  their  systematic  status.  Iverson  (1986)  adopted 
Ward's  (1984)  arrangement.  Collins  et  al.  (1982)  suggested  using  the  common 
name  "river  cooter"  rather  than  "slider"  as  listed  by  Conant  et  al.  (1956). 

Pseudemys  concinna  has  always  been  regarded  as  rare  in  the  state,  or 
at  least  difficult  to  capture.  Cahn  (1937)  wrote  that  the  species'  habits  were 
poorly  known  and  it  was  too  rare  in  Illinois  to  study  except  over  extended  periods 
of  time.  Smith  (1961)  wrote  that  the  turtle  was  "very  rare,"  being  restricted  to 
large  rivers  and  adjacent  lakes  in  the  extreme  southern  counties  of  Illinois.  The 
last  specimen  recorded  from  the  state  was  collected  in  1951  (Stone,  1980; 
Morris  and  Smith,  1981).  Consequently,  the  species  was  listed  as  endangered 
in  Illinois  (Kenney,  1978;  Morris  and  Smith,  1981). 

In  June  1988,  the  senior  author,  assisted  by  Eric  McGee,  conducted  a 
survey  of  the  cooter  on  the  Wabash,  Ohio,  and  Mississippi  rivers,  Illinois,  for  the 
Illinois  Endangered  Species  Protection  Board.  Potential  localities  for  the  cooter 
were  located  on  topographic  maps.  These  sites  were  then  visited  and  scanned 
with  binoculars  and  spotting  scopes.  Particularly  promising  areas  were  sampled 
with  hoop  traps  and  trammel  nets.  Also,  herpetologists  known  to  have  worked 
within  the  range  of  the  turtle  in  Illinois  were  canvassed  to  determine  if  they  had 
encountered  the  species.  Findings  from  this  survey  are  presented  below  along 
with  information  collected  independently  by  the  junior  author. 

RESULTS 

The  following  recent  records,  along  with  historic  ones,  are  plotted  in 

figure  1. 

Documented  Records 

Horseshoe  Lake,  Alexander  Co.  (T16S  R2W  Sec.  21)  -  An  adult  female 
found  dead  by  MAM  and  Mary  Beth  Morris  at  the  spillway  of  the  lake  on  13  April 
1985  confirms  the  continued  existence  of  the  species  at  this  site. 
Measurements  of  the  specimen  (Southern  Illinois  University  at  Carbondale,  R- 
2172)  are  given  in  Table  2. 

EOM  collected  specimens  from  two  new  localities  during  the  course  of 
his  survey,  as  follows. 

Beaver  Pond,  New  Haven  Township,  Gallatin  Co.  (T7S  R15E  Sec.  27)  - 
On  20  June  1988  a  juvenile  P.  concinna  was  taken  in  a  trammel  net  set  at  this 
slough  of  the  Wabash  River.  Table  2  lists  the  animal's  measurements.  Voucher 
slides  of  the  turtle  have  been  deposited  with  the  Illinois  Natural  History  Survey. 
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Big  Lake,  Shawnee  Township,  Gallatin  Co.  (T9S  R10E  Sec.  21)  -  On  16 
June  1988  a  turtle  nest  was  discovered  on  the  bank  of  Big  Lake,  an  oxbow  on 
the  floodplain  of  the  Wabash  River.  It  contained  14  eggs  averaging  38.2  X  25.4 
mm  and  15.4  g.  On  24  August  hatchling  river  cooters  emerged  from  three  eggs 
taken  for  identification.  Measurements  of  the  hatchlings  are  listed  in  Table  2; 
voucher  slides  of  the  hatchlings  have  been  deposited  with  the  Illinois  Natural 
History  Survey. 

Undocumented  Records 

In  addition  to  the  above,  competent  herpetologists  contributed  the 
following  records;  in  each  case,  river  cooters  were  seen  at  a  site  but  were  not 
collected,  or  were  collected  but  not  saved  for  documentation. 

Norris  City  Reservoir,  Norris  City,  White  Co.  -  On  28  May  1987  two 
basking  large  adults  were  observed  through  binoculars  by  MAM  and  George 
Rose,  Illinois  Department  of  Transportation.  No  river  cooters  were  found  on 
independent  visits  by  EOM  and  MAM  to  the  site  one  year  later. 

Old  Channel  Lake  and  Lost  Lake,  Fox  Island  Township,  White  Co.  (T4S 
R13W  Sec.  19  and  T4S  R14W  Sec.  24)  -  Michael  Ewert  of  Indiana  University 
(pers.  comm.)  collected  a  male  river  cooter  at  Old  Channel  Lake  on  18  May  1988. 
It  was  released  at  the  site  of  capture.  On  the  same  day,  Ewert  also  observed  a 
female  P.  concinna  through  binoculars  in  nearby  Lost  Lake,  which  overlaps  the 
boundary  between  Indiana  and  Illinois.  Both  lakes  are  muddy  oxbows  of  the 
Wabash  River. 

Two  other  sight  records  possibly  of  P.  concinna,  both  with  less  precise 
locality  data,  are  recorded  here  to  encourage  further  investigation.  John  Iverson 
of  Earlham  College,  Indiana,  observed  what  appeared  to  be  a  large  river  cooter 
crossing  Interstate  57  at  Rend  Lake,  Jefferson  Co.,  IL,  on  28  April  1985. 
However,  in  swerving  across  the  highway  to  stop  on  the  shoulder,  Iverson 
attracted  the  attention  of  a  state  highway  patrolman,  whose  interference 
provided  the  turtle  time  to  escape.  Although  identifications  made  at  55  mi/hr 
must  be  viewed  with  caution,  Iverson  is  an  authority  on  turtles,  and  little  apt  to 
misidentify  a  full-sized  adult.  No  P.  concinna  has  been  taken  in  southcentral 
Illinois,  but  Rend  Lake  is  an  impoundment  of  the  Big  Muddy  River  (where  Cahn 
[1937]  recorded  the  species  in  Jackson  Co.),  offers  suitable  habitat  for  the 
species,  and  is  thus  a  site  worthy  of  investigation. 

Stephen  J.  Walsh,  Florida  State  Museum,  identified  two  road  killed 
turtles  as  river  cooters  on  the  Illinois  River  road  just  north  of  Pere  Marquette  State 
Park,  Jersey  Co.,  approximately  10  years  ago.  The  specimens  were  not  saved.  If 
verified,  this  would  be  the  northernmost  record  of  the  species.  The  species  has 
been  taken  at  Elsah  (Smith,  1961),  approximately  15  mi  S  of  Pere  Marquette,  and 
suitable  habitat  for  it  is  present  in  the  area,  adding  credence  to  the  record. 
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DISCUSSION  AND  CONCLUSIONS 

Based  on  these  findings  and  literature  reports,  the  optimal  habitat  of  P. 
concinna  in  Illinois  appears  to  be  sloughs  and  oxbows  with  abundant 
macrophytes,  located  on  the  floodplains  of  major  rivers.  The  floodplains  of  the 
Wabash  and  Ohio  rivers  in  White  and  Gallatin  cos.  may  well  hold  the  largest 
remaining  populations  in  the  state.  Not  only  were  several  specimens  found  here, 
but  the  region  has  the  largest  amount  of  suitable  habitat  observed  in  the  study. 
Unlike  much  of  the  Ohio  and  Mississippi  rivers,  which  have  been  greatly  altered 
for  and  by  barge  traffic,  this  area  has  remained  relatively  natural. 

Impoundments  may  be  another  bastion  for  the  river  cooter  in  Illinois.  The 
sightings  by  MAM  and  Iverson  in  Norris  City  Reservoir  and  Rend  Lake, 
respectively,  indicate  that  such  sites  warrant  attention  in  future  studies  of  this 
species. 

Although  it  has  been  suggested  that  the  river  cooter  may  have  been 
extirpated  in  Illinois  (Morris  and  Smith,  1981),  our  records  demonstrate  that  the 
species  is  extant.  The  paucity  of  records  is  probably  due  to  the  following  factors: 
1.  river  cooters  occupy  relatively  inaccessible  habitats:  2.  they  are  chiefly 
herbivorous  and  are  seldom  caught  on  baited  hooks  or  in  baited  hoop  traps;  3. 
non-herpetologists  are  likely  to  confuse  them  with  more  common  species  such 
as  Trachemys  scripta.  Additional  study  is  necessary  to  clarify  the  status  of  the 
river  cooter  in  Illinois. 
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Table  1.  Museum  records  of  Pseudemys  concinna  from  Illinois.  FMNH  = 
Field  Museum  of  Natural  History,  Chicago,  IL;  INHS  =  Illinois  Natural 
History  Survey,  Champaign,  IL;  UIMNH  =  University  of  Illinois 
Museum  of  Natural  History,  Urbana,  IL. 


Museum 

Cataloa  No.  Year  Collected 

Locality 

FMNH 

6300 

— 

Kankakee  River, 
Kankakee, 

Kankakee  Co* 

INHS 

2155 

1936 

Horseshoe  Lake, 
Alexander  Co. 

INHS 

6014 

1951 

Horseshoe  Lake, 
Alexander  Co. 

INHS 

10367 

1890 

Mt.  Carmel, 

Wabash  Co. 

UIMNH 

2359 

1931 

Chester, 

Randolph  Co. 

‘presumably  a  release 

Table  2. 

Measurements  of  five  Pseudemys  concinna 
1985-1988.  CL  =  carapace  length  (mm);  CW 
PL  =  plastron  length  (mm);  H  =height  (mm);  M 

collected  from  Illinois  in 
=  carapace  width  (mm); 
=  mass  (g). 

Age  class 

Locality 

CL 

CW 

PL  H  M 

Hatchling 

Big  Lake,  Gallatin  Co. 

35 

34 

33.5  18  9.7 

Hatchling 

Big  Lake,  Gallatin  Co. 

36 

35 

34  19  10.4 

Hatchling 

Big  Lake,  Gallatin  Co. 

35 

36 

34.5  20  10.8 

Juvenile 

Beaver  Pond, 

Gallatin  Co. 

101 

84 

95  42  145.0 

Adult 

female 

Horseshoe  Lake, 
Alexander  Co. 

324 

232 

296  1 20 
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Figure  1.  Distribution  of  Pseudemys  concinna  in  Illinois.  Solid  circles  = 
museum  records;  open  circles  =  literature  records;  black  squares  = 
recent  (1985-1988)  records;  open  squares  =  possible  sightings 
(see  text). 
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ABSTRACT 

Average  longevity  was  estimated  for  42  female  white-tailed  deer  (Odocoileus 
virginianus)  on  a  600-ha  refuge  located  in  east-central  Illinois.  After  marking, 
these  females  survived  an  average  of  6.6  years  and  reared  an  average  minimum 
of  5.7  fawns  to  12  months  old. 


INTRODUCTION 

Throughout  the  range  of  white-tailed  deer,  females  generally  survive  longer  than 
males  because  of  reduced  hunter  selection,  decreased  risk  of  predation,  and 
generally  better  physical  condition  entering  winter  (McCullough,  1979;  Mech, 
1984).  In  addition,  intense  competition  among  males  for  access  to  estrous 
females  contributes  to  a  shortened  lifespan  (Clutton-Brock  et  al.,  1985).  Females 
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also  survive  longer  than  males  on  refuges  where  firearm  hunting  is  prohibited  but 
where  the  surrounding  areas  are  open  to  hunting  because,  unlike  males,  females 
tend  to  remain  within  refuge  boundaries  throughout  the  year  (Gladfelter,  1978; 
Hawkins  et  al. ,  1971).  One  result  of  enhanced  survival  of  females  has  been  a 
rapid  increase  in  deer  abundance  on  many  refuges  in  Illinois  and  throughout  the 
Midwest  in  recent  years  (Nixon  et  al.,  1991). 

METHODS 

Between  1980  and  1985,  we  marked  263  deer  on  Robert  Allerton  Park,  a  600-ha 
refuge  in  Piatt  County,  east-central  Illinois.  Captured  deer  were  aged  by  tooth 
replacement  and  wear  (Severinghaus,  1949)  as  fawn  (<12  months),  yearling  (13- 
24  months),  and  adult  (>24  months).  Visual  observations  and  radio  tracking 
enabled  us  to  monitor  most  of  these  deer  until  death.  Fawn  recruitment  during 
their  first  year  of  life  was  determined  from  repeated  observations  of  marked  does 
and  their  fawns  beginning  shortly  after  birth. 

RESULTS  AND  DISCUSSION 

Minimum  survival  interval  and  fawn  recruitment  were  determined  for  42  marked 
females  that  remained  within  the  boundaries  of  the  refuge  throughout  our  study 
(Table  1).  These  females  lived  to  an  average  minimum  of  79.7  months  (6.6  yrs) 
and  reared  an  average  minimum  of  5.7  fawns  to  one  year  old. 

A  few  wild  females  (unfenced)  have  achieved  longer  life  than  those  on  the 
Allerton  refuge.  Severinghaus  and  Cheatum  (1956:168)  reported  one  female 
that  reached  15  years  within  the  Allegheny  State  Park  refuge  in  New  York.  They 
also  report  two  females,  both  semi-tame,  that  reached  18.5  and  19  years 
respectively  when  protected  from  firearm  hunting  in  New  York  state  and  an 
additional  protected  female  in  Wisconsin  that  was  19.5  years  old  at  death.  In 
Minnesota,  Erickson  et  al.  (1961)  found  that  nearly  6%  of  an  initial  harvest  from 
the  Tamarac  Refuge  were  >  6.5  years. 

Fawn  recruitment  rates  on  the  Allerton  refuge  were  very  high  for  Midwest 
whitetails  (Table  1).  Fawn  losses  between  birth  and  weaning  at  4-5  months  have 
been  reported  to  vary  from  27%  to  70%  for  fawns  marked  as  neonates  in 
Missouri,  Iowa,  and  southern  Illinois  (Bryan,  1980;  Huegel  et  al.,  1985;  Nelson 
and  Woolf,  1987;  Woolf  and  Yancy,  1987).  Some  possible  reasons  for  this  high 
survival  were: 

(1)  Ground  vegetation  was  dense  on  the  Allerton  refuge  during  our 
study  creating  excellent  hiding  cover  for  fawns  and  we  were  often  unsuccessful 
in  searching  for  newborn  fawns  of  radio-marked  does.  Coyotes  (Canis  latrans), 
likely  the  principal  predator  of  fawns  in  east-central  Illinois  (Mech,  1984;  Nelson 
and  Woolf,  1987),  were  present  on  the  Allerton  refuge.  Coyotes  are  generally 
considered  to  be  opportunistic  predators,  searching  for  prey  easiest  to  capture 
(Bowen,  1981;  Boutin  and  Cluff,  1989).  The  dispersed  nature  of  home  range 
occupancy  by  breeding  age  females  (Ozoga  et  al.,  1982;  Nixon  et  al.,  1991)  and 
the  dense  cover  available  to  shelter  fawns  on  the  Allerton  refuge  would  render 
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prey  searches  by  coyotes  often  unsuccessful.  The  few  fawns  killed  by  dogs  or 
coyotes  probably  were  the  result  of  happenstance  rather  than  the  learned 
searching  behavior  typical  of  coyotes  in  the  more  sparsely  vegetated  arid  western 
deer  ranges  (Garner  et  al.,  1978). 

(2)  Fawns  were  also  relatively  safe  from  highway  accidents  on  the 
Allerton  refuge  because  roads  surrounding  the  refuge  were  low  speed  county 
highways,  not  conducive  to  many  deerauto  collisions  (Nixon  et  al.,  1991). 

(3)  Our  presence  on  the  refuge  every  day,  often  late  at  night, 
undoubtedly  reduced  poaching  opportunities  during  the  fall  and  winter  when 
fawns  would  be  vulnerable  to  poaching  activity. 

Thus  the  high  fawn  survival  on  the  Allerton  refuge  may  be  atypical  of  other 
refuges,  but  the  increase  in  deer  abundance  on  the  public  refuges  throughout 
Illinois  in  recent  years  would  suggest  that  fawn  survival  has  also  been  high  on 
many  of  these  refuges.  During  1981-85,  the  deer  population  in  the  Allerton 
refuge  increased  1 5-1 6%  per  year  in  spite  of  a  32%  total  increase  in  legal  firearm 
and  archery  harvest  on  surrounding  farms  and  a  50%  dispersal  rate  of  fawns 
(Nixon  et  al.,  1991).  A  population  model  of  the  Allerton  deer  herd  estimated 
average  successful  annual  immigration  of  8  fawn  males,  5  fawn  females,  and  2 

yearling  females  into  an  average  spring  density  of  97  deer  (3.3  deer  per  km2). 
Fawn  recruitment  from  resident  females  averaged  81  each  year  and  accounted 
for  84%  of  the  estimated  annual  recruitment. 

We  did  not  find  that  older  mothers  were  more  successful  at  fawn  rearing  than 
younger  females  as  reported  by  Mech  and  Roberts  (1990)  and  Ozoga  and  Verme 
(1986)  for  white-tailed  deer  and  by  Clutton-Brock  et  al.  (1982)  for  red  deer 
(Cervus  elaphus).  The  average  number  of  fawns  observed  traveling  with  marked 
does  of  known  age  on  the  Allerton  refuge  in  October  ranged  from  1 .87  for  2-year 
does  (N  =30  does)  to  2.29  for  6-year  old  does  (N  =  7)  (F  =  1.57,  4,106  df, 
P>0.10).  We  omitted  yearling  does  from  this  analysis  because  these 
primaparous  females  are  known  to  average  fewer  fawns  per  pregnancy  (Verme 
and  Ullrey,  1984).  Thus,  unlike  whitetails  in  more  northern  ranges  subject  to 
rigorous  predation  and  environmental  hazards,  farmbelt  females  live  in  a  relatively 
benign  climate  with  fewer  predators  and  an  abundant  year-round  food  supply. 
Fawn  rearing  experience  that  develops  as  females  age  may  not  be  as  important  to 
fawn  survival  in  these  habitats. 

The  combination  of  abundant  food,  relatively  benign  climate,  and  protection  from 
firearm  hunting  offered  by  the  Allerton  refuge  and  other  refuges  in  Illinois  have 
allowed  many  females  to  survive  and  rear  fawns.  Males,  because  their  home 
ranges  are  larger  than  females,  and  their  fall  movements  associated  with  breeding 
frequently  take  them  away  from  a  refuge,  are  killed  in  much  higher  numbers 
(Nixon  et  al.,  1991).  Food  supplies,  very  abundant  on  the  farms  surrounding 
these  refuges,  provide  deer  with  nearly  unlimited  food  supplies.  Deer  usually 
spent  the  diurnal  hours  on  a  refuge  sleeping  and  loafing  in  natural  cover  and 
nocturnal  hours  on  farm  fields.  Because  deer  have  a  relatively  small  rumen,  they 
feed  often  during  the  day  within  the  refuge  and  often  severely  degrade 
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understory  vegetation.  However,  the  abundant  food  supply  available  on  farm 
fields  maintains  deer  condition  throughout  the  winter  months  and  the  declines  in 
body  weight,  reproduction,  or  fawn  recruitment  associated  with  inadequate 
winter  diets  seldom  occur  (Nixon  et  al. ,  1991 ;  Verme  and  Ullrey,  1984).  Winter 
densities  as  high  as  1  deer  per  2  ha  of  refuge  have  been  documented  for  at  least 
two  refuges  in  Illinois  (Severson  Dells  Forest  Preserve,  Winnebago  County, 
1987-88,  Dr.  D.  L.  Ivacic,  Rock  Valley  College,  pers.  commun.,  1988;  Sangchris 
Lake  State  Park,  Christian  County,  1982-83,  J.  Kube,  Illinois  Department  of 
Conservation,  pers.  commun.,  1983). 
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Table  1.  Estimated  minimum  longevity  and  fawn  production  for  42  marked  female  white-tailed  deer  resident  on  a 
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Urbana,  IL  61801 


ABSTRACT 

An  inventory  of  the  woody  vegetation  of  Brownfield  Woods  in  Champaign  Co., 
Illinois,  has  been  conducted  at  approximately  10-year  intervals  from  1925  to 
1986.  During  the  past  61  years,  northern  red  oak  (Quercus  rubra  L.),  bur  oak 
( Quercus  macrocarpa  Michx.)  and  chinkapin  oak  ( Quercus  muhlenbergii 
Engelm.),  once  the  most  prominent  components  of  the  community,  have  been 
largely  replaced  by  more  shade  tolerant  species.  At  present,  sugar  maple  ( Acer 
saccharum  Marsh.)  is  the  major  dominant  and  should  remain  so  in  the  years  to 
come. 


INTRODUCTION 

Brownfield  Woods  is  a  24  hectare  (59.3  acres)  remnant  of  a  larger  forest  that 
once  occupied  approximately  2600  ha  along  the  Salt  Fork  river  NE  of  Urbana, 
Illinois.  Forests  were  a  striking  feature  in  the  prairie  because  they  were  usually 
isolated  from  the  main  bodies  of  forests  which  occured  along  streams  and 
morainal  ridges  (Boggess,  1963).  Gleason  (1912)  suggested  that  these  "prairie 
grove"  forests  were  isolated  from  the  larger  forests  due  to  repeated  prairie  fires. 

The  University  of  Illinois  leased  Brownfield  Woods  in  1935  and  later  purchased 
the  woodland  in  1939.  Prior  to  1935,  the  woodland  had  been  cut-over,  heavily 
grazed  by  cattle,  vandalized,  and  extensively  used  by  the  public  as  a 
recreational/picnic  area  (Telford,  1926).  In  spite  of  these  disturbances,  C.J. 
Telford  described  it  as  "one  of  the  best  upland  stands  growing  in  the  state". 
Since  its  purchase  by  the  University  of  Illinois,  Brownfield  Woods  has  been 
protected  and  maintained  as  a  natural  area,  accessible  only  for  educational  and 
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research  purposes.  The  purpose  of  this  paper  is  to  report  on  the  current  species 
composition,  and  to  relate  the  periodic  changes  in  community  structure  with 
reference  to  long  term  studies  of  Brownfield  Woods. 

Past  Work 

Telford  (1926)  completed  the  first  100%  inventory  of  Brownfield  Woods  in  1925. 
He  measured  only  woody  plants  greater  than  6.4  cm  (2.5  inches)  in  diameter  at 
breast  height  (dbh),  and  recorded  them  in  the  nearest  2.5  cm  dbh  class. 
Species  of  elm  (Ulmus),  ash  (Fraxinus),  and  "white  oak"  (Leucobalanus)  were 
analyzed  as  groups  rather  than  individual  species.  Subsequent  100% 
inventories  were  completed  in  1960  by  Boggess  and  Bailey  (1964),  and  in  1975 
by  Miceli  et  al.  (1977). 

Vestal  and  Heermans  (1945)  sampled  the  woodland  in  1939  using  16 
representative,  0.3  hectare  plots  (0.8  acre)  and  supplemented  the  data  with  strip 
cruises  throughout  the  remainder  of  the  woodland.  Cortright  (1952)  remeasured 
the  plots  established  by  Vestal  and  Heermans,  and  reported  the  growth  and 
mortality  for  the  preceding  12  years.  None  of  the  inventory  data  prior  to  1960 
included  woody  plants  less  than  6.4  cm  dbh. 

METHODS  AND  MATERIALS 


Study  Area 

Brownfield  Woods  is  located  NE  of  Urbana,  Illinois,  in  the  SE  1/4  of  Section  34, 
R9E,  T20N,  3rd  PM,  Champaign  County,  Illinois  (40°  09'  N.  Lat.,  88°  10'  W. 
Long.).  General  topography  is  rolling  upland  with  a  maximum  relief  of  about  9 
meters.  The  most  conspicuous  topographic  feature  is  a  small  intermittant  stream 
extending  diagonally  from  the  northwest  corner  to  the  southeast  corner.  A 
detailed  soil  survey  of  the  area  was  made  by  Alexander  et  al.  (1974).  Soils  are  of 
the  Sabine-Sunbury-Birkbeck  association.  The  major  soils  of  this  association  are 
developed  in  shallow  loess  (100-150  cm)  over  loam  glacial  till.  Drummer  and 
Sawmill  soils  occur  on  poorly  drained  sites  near  the  intermittent  stream,  while  the 
Russell  soil  occurs  in  the  thinner  loess  areas.  Surface  drainage  throughout  the 
majority  of  the  woodland  is  good. 

Brownfield  Woods  has  been  classified  as  a  mixed-mesophytic  forest  developed 
on  uplands  once  occupied  by  prairie  grasslands  (Vestal  and  Heermans,  1945).  It 
is  a  sample  of  the  type  of  forest  which  existed  on  the  uplands  of  the  upper 
Wabash  drainage  basin,  and  exhibits  the  great  diversity  of  species  characteristic 
of  the  Wabash  region  (Telford,  1926).  Two  species  characteristic  of  the  western 
mesophytic  forest  region  described  by  Braun  (1950),  American  beech  ( Fagus 
grandifolia)  and  yellow  poplar  (Liriodendron  tulipifera),  are  not  found  in 
Brownfield  Woods.  These  species  are  restricted  to  the  Wabash  River  drainage  in 
east-central  Illinois,  and  are  found  in  deeper  valleys  to  the  east  in  Vermillion 
County,  Illinois.  White  oak  (Quercus  alba)  is  also  missing  from  sample  plots  in  the 
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woodland,  and  Vestal  and  Heermans  (1945)  suggested  its  absence  was 
characteristic  of  the  type. 

Although  sugar  maple  is  the  dominant  species,  many  large  oaks  400+  years  old 
still  remain  on  prairie-forest  transitional  soils.  These  oaks  may  well  be  relicts  of 
the  most  recent  forest  invasion  of  the  prairie  (Boggess  and  Bailey,  1964). 

Methods 

Sampling  and  analysis  procedures  follow  those  of  Miceli  et  al.  (1977).  The 
woodland  has  been  divided  into  96,  50  square  meter  (0.25  hectare)  permanently 
marked  blocks.  Each  of  the  96  blocks  was  divided  into  quadrants  by  extending 
diagonal  lines  from  the  permanent  corner  markers  resulting  in  a  total  of  384  plots. 
In  each  quadrant,  the  diameter  of  each  stem  greater  than  6.4  cm  dbh  was 
measured  to  the  nearest  0.1  cm  and  recorded  by  species. 

Nested,  square  subplots  of  5  m2  and  2  m2  were  systematically  located  in 
quadrant  1  of  each  of  the  96  blocks.  Stems  1.4  -  6.3  cm  dbh  (saplings)  were 

measured  in  the  5  m2  subplot  and  recorded  by  species  and  diameter  classes  of 

2.5  cm  and  5.0  cm.  In  the  2  m2  subplot,  all  stems  less  than  1.3  cm  dbh 
(seedlings)  were  measured  and  recorded  by  species.  Height  classes  of  less 
than  30  cm  and  greater  than  30  cm  were  used  to  differentiate  the  seedling  sizes. 

Frequency,  density,  and  basal  area  were  calculated  for  each  species.  Seedling 
and  sapling  frequency  was  expressed  as  a  percentage  of  occurrence  on  96 
sample  plots,  and  of  trees  as  a  percentage  of  occurrence  on  384  sample  plots. 
Following  the  procedures  used  by  McIntosh  (1957)  to  describe  succession  in 
York  Woods  in  southern  Wisconsin,  species  importance  values  were  developed 
from  the  sum  of  the  relative  density  and  relative  basal  area.  Nomenclature  follows 
Mohlenbrock  (1975). 


DISCUSSION 


Present  Composition 

A  total  of  32  tree  species  were  encountered  in  Brownfield  Woods.  Two  invaders 
of  the  native  flora  of  the  woodland  were  present,  red  maple  (Acer  rubrum)  and 
river  birch  (Betula  nigra).  Their  occurrence  was  presumably  a  result  of  seed  from 
nearby  ornamental  plantings. 

Density  and  frequency  of  all  species  in  the  seedling,  sapling,  and  tree  size 
classes  are  shown  in  Table  1.  The  seedling  density  of  all  species  is  17,276 
seedlings/ha.  Sugar  maple  (Acer  saccharum)  accounted  for  79.5%  of  the  total 
number  of  seedlings  in  the  woodland.  Seedling  densities  of  other  species  were 
greatest  for  pawpaw  (Asimina  triloba)  and  Ohio  buckeye  (Aesculus  glabra). 
These  two  species  represented  14.6%  of  the  total  seedling  density.  The 
tolerant  buckeye  seedlings  with  a  higher  frequency  of  occurrence,  were  more 
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evenly  distributed  than  the  intolerant  pawpaw  seedlings  which  were  aggregated 
in  dense,  even-aged  clumps.  American  basswood  (Tilia  americana)  and  bitternut 
hickory  {Cary a  cordiformis)  seedlings  were  1.1%  of  the  total  seedling  density  and 
were  nearly  equally  distributed.  No  other  species  attributed  more  than  1  %  of  the 
total  seedling  reproduction  occurring  on  the  sample  plots.  Twenty-seven 
species  accounted  for  the  remaining  3.7%  of  the  total  stand  seedling  density. 

Northern  red  oak  (Quercus  rubra)  and  chinkapin  oak  (Quercus  muehlenbergii), 
each  with  27  stems/ha,  were  the  only  oak  species  with  seedlings  present  on  the 
sample  plots.  Four  hickory  species  are  present  in  Brownfield  Woods,  but  only 
seedlings  of  bitternut  hickory  were  recorded  in  the  sample  plots. 

Nine  species  are  represented  in  the  sapling  size  classes  and  have  a  combined 
density  of  1 ,218  stems/ha.  Sugar  maple  is  the  dominant  species  with  71.8%  of 
the  total  sapling  density  (874  stems/ha).  Ohio  buckeye  ranks  second  with 
15.2%  of  the  total  sapling  density  (185  stems/ha),  followed  in  order  by  pawpaw, 
American  basswood,  ironwood  ( Ostrya  virginiana),  bitternut  hickory,  hackberry 
(Celtis  occidentalis),  green  ash  (Fraxinus  pennsylvanica),  and  blue  ash  (Fraxinus 
quadrangulata). 

Sugar  maple  also  dominated  the  tree  size  classes.  It  occurs  in  all  quadrants,  and 
accounts  for  55.5%  of  the  total  stand  density  of  422  stems/ha.  It  is  the  most 
abundant  species  in  Brownfield  Woods  at  234.2  stems/ha.  The  next  most 
abundant  species  is  Ohio  Buckeye  with  11.6%  of  the  total  (48.6  stems/ha) 
followed  by  American  basswood  with  6.4%  of  the  total  (26.8  stems/ha). 

The  highest  density  of  Ohio  buckeye  is  in  the  small  to  mid-diameter  classes,  and 

its  basal  area  of  0.9  m2/ha  is  relatively  low  compared  to  other  stand  components. 
Hackberry,  White  ash  (Fraxinus  americana),  and  American  basswood  are 
presently  concentrated  in  the  31-60  cm  dbh  class,  and  their  basal  areas  are 

nearly  equal  at  1.9, 1.8,  and  1.7  m2/ha,  respectively. 

Figures  from  Table  2  indicate  sugar  maple  has  the  greatest  total  basal  area  of  all 

species  with  15.1  m2/ha.  It  accounts  for  45%  of  the  total  stand  basal  area.  An 
examination  of  the  basal  area  distribution  over  the  diameter  classes,  indicates 
that  sugar  maple  basal  area  was  heavily  concentrated  in  the  small  to  mid-diameter 
classes  (Figure  1).  Sugar  maple  was  the  most  important  stand  component  in 
1986,  dominating  all  species  in  the  size  classes  below  60  cm  dbh.  Above  61  cm 
dbh,  basal  area  of  northern  red  oak  exceeds  that  of  sugar  maple.  In  the  91  +  cm 
dbh  class,  sugar  maple  ranks  sixth  in  basal  area,  well  below  northern  red  oak,  bur 
oak  (Quercus  macrocarpa),  and  chinkapin  oak. 

The  oaks  have  a  combined  density  of  21 .8  stems/ha,  thus  ranking  below  maple, 
buckeye,  and  basswood  in  abundance  (Table  1).  Although  northern  red  oak 
with  14.3  stems/ha,  ranks  sixth  in  total  stand  density  (3.4%  of  total),  its 
dominance  is  asserted  in  the  large  diameter  classes  (61  cm  dbh  and  above) 
where  it  ranks  first  in  both  density  and  basal  area  (Table  2).  Overall,  northern  red 
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oak  had  the  second  highest  importantance  value  in  Brownfield  Woods.  Its 
relative  density  of  67%  of  the  oak  component,  makes  it  the  most  important  oak 
species  present  in  the  woodland. 

It  is  important  to  note  that  the  greatest  densities  of  bur  oak  and  chinkapin  oak 
were  in  the  61  cm  and  larger  diameter  classes.  The  average  dbh  of  these  two 
oak  species  was  61.4  cm.  One  hundred-thirteen  trees  with  a  dbh  greater  than 
91  cm  were  recorded  in  1986.  Twenty-five  of  them  were  bur  oak,  including  the 
largest  tree  with  a  dbh  of  1 65  cm. 


Changes  in  Community  Structure 

Substantial  changes  have  occured  in  species  composition  during  the  past  61 
years.  Sugar  maple  has  been  an  important  stand  component  since  the  first 
inventory  in  1925,  and  its  dominance  is  becoming  increasingly  important. 

Past  disturbances  suggest  a  reason  for  the  increased  density  of  sugar  maple 
observed  by  Telford  (1926).  He  surmised  that  the  woodland  was  more  open  in 
the  late  1800's  with  conditions  favorable  to  seedling  establishment.  Either 
subsequent  fires  prevented  further  establishment  of  reproduction  or,  the  use  by 
man  and  cattle  had  destroyed  the  reproduction.  These  past  disturbances 
whether  natural  or  induced,  led  to  conditions  where  sapling  and  pole-sized  trees 
had  thoroughly  occupied  the  open  areas  and  reproduction  was  limited  to  the 
more  shade  tolerant  sugar  maple. 

Another  important  change  in  the  composition  of  Brownfield  Woods  was  the  loss 
of  the  American  elm  ( Ulmus  americana).  American  elm  was  virtually  eliminated  by 
Dutch  elm  disease  and  phloem  necrosis  in  the  late  1950's.  The  extent  of  the 
losses  included  all  stems  except  the  very  small  sizes.  Comparing  data  reported 
by  Cortright  (1952)  with  the  current  data,  the  basal  area  of  American  elm  has 
decreased  by  95%  since  1951.  Low  residual  basal  area  and  low  densities 
indicate  that  American  elm  is  no  longer  an  important  component  of  the 
woodland. 

Openings  created  by  the  loss  of  the  American  elm  have  been  rapidly  filled  by 
sugar  maple,  American  basswood,  slippery  elm  ( Ulmus  rubra),  and  Ohio 
buckeye.  High  seedling  densities  (33,357  seedlings/ha)  were  recorded 
throughout  the  woodland  in  a  1960  inventory  (Boggess,  1964)  subsequent  to 
the  massive  mortality  of  elm  (Table  3).  Exploitation  of  the  openings  by  residual 
dominants  and  by  reproduction  of  tolerant  and  moderately  tolerant  species  has 
resulted  in  rapid  canopy  closure.  A  lower  seedling  density  (10,651 
seedlings/ha)  recorded  in  the  1975  inventory  was  attributed  to  high  seedling 
mortality  and  growth  into  larger  size  classes  (Miceli  et  al.,  1977).  Similarly,  the 
density  of  saplings  decreased  from  5,273  stems/ha  in  1960  to  1 ,623  stems/ha  in 
1975.  High  mortality  in  the  small  size  classes  would  be  expected  as  competition 
became  more  severe  and  the  canopy  approached  closure,  but  a  great  many  of 
the  saplings  measured  in  1960  had  apparently  grown  into  the  7-15  cm  dbh  tree 
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class  by  1975.  Micelli  reported  a  total  increase  of  204  stems/ha  between  1960 
and  1975,  with  60%  of  that  increase  occurring  in  the  7-15  cm  dbh  tree  class.  The 
density  of  the  7-15  cm  dbh  class  (218.4  stems/ha)  in  1986  is  less  than  reported 
in  1975  (288  stems  per  hectare),  but  is  still  the  highest  density  size  class  for  the 
woodland. 

Seedling  density  of  all  species  in  1986  was  much  higher  than  the  total  seedling 
density  recorded  in  1975.  The  increase  was  in  response  to  openings  created  in 
1983,  when  high  winds  uprooted  many  large  trees  in  Brownfield  Woods.  The 
recorded  seedling  density  was  not  equally  distributed  on  all  sample  plots,  but 
rather  on  those  plots  where  uprooting  occurred.  The  increased  reproduction  in 
these  plots  accounted  for  an  increase  over  the  entire  woodland.  The  sapling 
size  class  does  not  yet  reflect  ingrowth  from  the  increased  number  of  seedlings 
found  in  1986. 

With  the  exception  of  sugar  maple,  all  important  species  in  1986  have  decreased 
in  total  density  of  tree  sizes  (Table  4).  The  previous  trend  was  toward  increasing 
density  for  most  species.  Total  basal  area  of  most  species  has  gradually 
increased  since  1925,  with  the  greatest  increase  occurring  between  1960  and 
1975.  A  decrease  in  total  basal  area  for  all  species  in  Brownfield  Woods  did 
occur  however,  between  1951  and  1960  (Boggess,  1964).  This  reduction  was 
due  to  the  loss  of  American  elm. 

Changes  in  Species  Structure 

Maole  Component 

Telford  (1926)  reported  that  sugar  maple  accounted  for  49%  of  the  total 
woodland  population  with  its  density  being  almost  equal  to  the  density  of  all 
other  species  combined.  There  was  however,  an  uneven  distribution  of  its 
density  over  the  size  classes.  He  found  the  majority  of  sugar  maple  stems  were 
concentrated  in  the  sapling  and  pole-size  tree  classes  (2.5  -  30  cm  dbh)  where  it 
comprised  62%  of  the  total  number  of  stems.  In  the  31  cm  dbh  and  larger  size 
classes,  sugar  maple  represented  only  14%  of  the  total  number  of  stems.  By 
1925,  sugar  maple  had  clearly  established  its  dominance  in  the  stand,  particularly 
within  the  small  size  classes. 

Sugar  maple  reproduction  in  Brownfield  Woods  continues  to  increase.  The 
current  density  is  much  greater  than  the  5,101  seedlings/ha  Micelli  reported  for 
sugar  maple  in  1975.  Sugar  maple  seedlings  comprised  79.5%  of  the  total 
reproduction  in  1986,  compared  to  47%  in  1975.  Boggess  reported  that  sugar 
maple  accounted  for  65%  of  the  total  reproduction  in  1960  (21,800 
seedlings/ha).  The  increase  in  seedling  numbers  in  1960  and  again  in  1986  are 
a  reflection  of  the  rapidity  with  which  the  highly  shade  tolerant  sugar  maple 
responds  to  canopy  openings.  Sugar  maple  produces  enough  seeds  in  most 
years  to  saturate  the  stand  (Hett  and  Loucks,  1971),  and  is  a  persistent  species 
under  shade  conditions.  In  spite  of  its  high  tolerance  of  shade,  seedling 
mortality  of  sugar  maple  is  high  as  evidenced  by  comparing  seedling  and  sapling 
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densities  from  Table  1.  Data  reported  for  previous  inventories  (Boggess  1964; 
Miceli  et  al.,  1977)  and  in  1986,  indicate  large  numbers  of  sugar  maple  saplings 
and  small  trees.  The  high  gap  phase  replacement  potential  of  sugar  maple 
enables  it  to  take  advantage  of  canopy  openings  as  they  occur. 

Basal  area  of  sugar  maple  has  increased  2.1  m2/ha  since  1975  to  a  present  total 

of  15.1  m2/ha  (Table  4).  The  largest  increase  in  the  basal  area  (3.5  m2/ha) 
occurred  between  1960  and  1975,  presumably  as  pole-sized  and  smaller  trees 
were  released.  The  rate  of  increase  in  the  basal  area  of  sugar  maple  has 

averaged  0.23  m2/ha/yr  since  1960. 

The  shift  in  dominance  of  sugar  maple  within  the  size  classes  can  be  observed 
by  comparing  changes  in  basal  area  over  time.  Figure  2  is  a  comparison  of  sugar 
maple  basal  area  in  the  five  tree  size  classes  for  each  inventory.  In  1925,  the 
highest  basal  area  of  sugar  maple  was  in  the  16-30  cm  dbh  class.  In  the  three 
subsequent  inventories,  the  highest  basal  areas  were  in  the  31-60  cm  dbh  class. 
The  young  stand  of  saplings  and  pole-sized  maples  reported  by  Telford  (1926) 
are  now  dominating  the  31-60  cm  dbh  class.  The  high  densities  of  maple 
seedlings  reported  by  Boggess  (1964),  have  now  grown  into  and  are  dominating 
the  7-15  and  16-30  cm  dbh  classes.  In  Brownfield  Woods,  the  data  indicate  that 
sugar  maple  has  progressively  dominated  increasingly  larger  size  classes  since 
1925. 

Oak  Component 

The  seedling  densities  of  oak  species  in  the  woodland  are  extremely  low  with 
few  growing  into  the  sapling  size  classes  (Table  1).  Red  oak  is  a  species  of 
disturbed  mesic  forests  (Peet  and  Loucks,  1977)  and  the  disturbances  reported 
by  Telford  likely  permitted  the  establishment  and  success  of  it.  Vestal  and 
Heermans  (1939)  and  Cortright  (1952)  had  also  reported  increased  density  of 
red  oak  reproduction  on  their  sample  plots,  but  seedling  density  declined  by 
1960  as  conditions  unfavorable  to  its  seedling  establishment  and  success 
prevailed.  Seedling  density  of  intolerant  bur  oak  decreased  slightly  between 
1939  and  1951,  then  increased  by  1960.  The  increase  in  its  seedling  density 
was  concurrent  to  the  elimination  of  the  American  elm,  and  was  probably  a 
response  to  canopy  openings  with  light  conditions  favorable  to  establishment. 
Both  red  oak  and  bur  oak  saplings  were  recorded  (at  low  densities)  in  1960,  but 
only  red  oak  saplings  were  recorded  in  1975.  No  oak  saplings  were  found  on  the 
sample  plots  in  1986. 

Data  from  1960  and  1975  indicate  that  all  species  in  the  tree  size  classes 
increased  in  density  with  the  exception  of  red  oak,  bur  oak,  and  American  elm 
(Table  4).  American  elm  density  decreased  due  to  disease,  and  it  is  not 
surprising  that  oak  density  was  decreasing  due  to  mortality  and  lack  of  stems  in 
the  lower  size  classes.  It  is  generally  accepted  that  if  regeneration  of  oaks  is  to 
be  successful,  advance  regeneration  (saplings)  with  well  established  root 
systems  must  be  present  prior  to  overstory  removal  (Sander,  1977). 
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The  total  density  of  oak  in  the  tree  size  classes  decreased  between  1960  and 
1986,  presumably  due  to  mortality  exceeding  growth  after  canopy  closure  had 
taken  its  toll  on  oak  reproduction.  The  decreased  density  recorded  in  1986  also 
reflects  the  loss  of  large  red  oaks  and  bur  oaks  from  wind  damage  in  1983.  The 
density  of  chinkapin  oak  has  remained  relatively  unchanged  over  the  past  26 
years. 

Oaks  continue  to  increase  in  basal  area  in  the  larger  diameter  classes,  although 
their  rate  of  increase  appears  to  have  slowed.  Ranking  second  in  total  basal  area, 

northern  red  oak  has  increased  from  3.3  m2/ha  in  1925  to  6.1  m2/ha  in  1986. 

Bur  oak  ranks  third  in  total  basal  area  with  2.2  m2/ha,  but  has  not  increased  in 
basal  area  since  1975.  Bur  oak  had  previously  increased  its  basal  area  at  a  rate  of 

0.02  m2/ha  per  year  (1960-1975).  The  basal  area  of  chinkapin  oak  has  remained 
fairly  constant  since  1925. 

Oak  is  a  major  component  of  Brownfield  Woods,  but  the  uncertainty  is  whether  or 
not  they  will  continue  to  be  as  important  in  the  decades  to  come.  Basal  areas  for 
the  oaks  as  a  group  were  compared  over  the  range  of  dbh  classes  for  each 
inventory  year  in  Figure  3.  The  basal  area  of  oak  in  each  size  class  indicate  their 
importance  since  1925  has  been  due  to  their  great  sizes.  Oak  basal  area  in  1925 
was  concentrated  in  the  31-60  cm  dbh  class,  but  is  now  in  the  61-90  cm  dbh 
class,  reflecting  the  release  and  subsequent  growth  of  the  oak  after  the  elm 
died.  It  is  also  evident  that  oak  basal  area  is  decreasing  in  the  16-30  and  31-60 
cm  dbh  classes  and  is  therefore  declining  in  importance  in  these  sizes  (Figure  1). 
The  dominant  position  and  overall  importance  of  oak  in  Brownfield  Woods 
probably  will  decline  as  mortality  within  the  larger  size  classes  and  absence  of 
reproduction  decrease  its  total  basal  area. 

Other  Species  Component 

Ohio  buckeye,  American  basswood,  white  ash,  and  hackberry  increased 
densities  in  all  size  classes  in  response  to  the  openings  left  by  the  elms. 
Seedling  density  of  Ohio  buckeye  has  increased  substantially  between  1960 
and  1975.  Although  it  decreased  in  density  after  1975,  its  basal  area  has  steadily 
increased  since  1925.  Ohio  buckeye  will  become  an  increasingly  important 
stand  component  as  its  high  seedling  densities  reported  in  1960  grow  into  larger 
diameter  classes. 

Mid-tolerant  white  ash  and  hackberry  had  their  greatest  increases  in  density  prior 
to  1960,  while  more  tolerant  American  basswood  increased  the  greatest  after 
canopy  closure  (1960-1975).  The  basal  areas  of  white  ash  and  hackberry 
increased  after  closure  as  released  individuals  grew  into  larger  diameter  classes, 
but  the  basal  area  of  American  basswood  concurrently  decreased.  The  basal 
area  of  American  basswood  has  changed  little  since  1960  indicating  that  its 
greatest  densities  were  limited  to  the  small  size  classes.  Seedlings  were 
successfully  being  established,  but  they  had  not  grown  into  larger  diameter 
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classes.  Almost  half  of  its  total  stems/ha  are  presently  concentrated  in  the  7-15 
cm  dbh  class  (Table  2).  Many  of  the  stems  of  American  basswood  are  of  sprout 
origin,  which  may  account  for  its  low  frequency  and  poor  distribution  of  seedlings 
and  saplings.  With  their  present  densities,  American  basswood,  white  ash,  and 
hackberry  will  probably  maintain  their  current  positions  in  the  stand. 

Hickory  species  make  up  less  than  1%  of  the  total  density  of  the  tree  size 
classes.  With  the  exception  of  bitternut  hickory,  hickory  density  has  remained 
fairly  constant  since  1960.  A  high  seedling  density  was  recorded  for  bitternut 
hickory  in  1986,  but  it  is  not  well  distributed  throughout  the  woodland  as 
evidenced  by  its  low  frequency  of  occurence  (Table  1).  Bitternut  hickory  is  more 
tolerant  than  other  hickories  possibly  accounting  for  its  relatively  higher  densities 
in  Brownfield  Woods. 

Bitternut  hickory,  slippery  elm,  and  blue  ash  are  important  components  of  the 
stand,  but  their  seedling  densities  have  declined  since  1975.  These  species 
have  maintained  a  constant  or  slightly  increasing  basal  area  during  the  past  1 1 
years,  but  their  combined  reproduction  is  low,  accounting  for  only  3%  of  the 
1986  stand  total,  and  their  importance  in  the  woodland  will  probably  decline. 

Density  of  slippery  elm  has  decreased  from  45.2  in  1975  to  11.3  trees/ha  at 

present  (Table  4).  The  basal  area  of  slippery  elm  (0.6  m2/ha)  has  not  changed  as 
dramatically  during  the  past  1 1  years  as  has  its  density.  Slippery  elm  was  the  third 
most  abundant  species  in  1975.  Although  it  did  not  escape  the  effects  of 
phloem  necrosis  and  the  Dutch  elm  disease,  slippery  elm  along  with  sugar  maple 
rapidly  filled  the  openings  created  by  the  loss  of  the  American  elms.  Typically, 
slippery  elm  does  not  form  pure  stands,  and  increased  shade  with  canopy 
closure  of  the  gaps  has  favored  the  more  tolerant  buckeye  and  sugar  maple  over 
slippery  elm,  reducing  the  high  densities  recorded  in  1975.  The  increase  and 
subsequent  decrease  in  the  density  of  slippery  elm  has  been  primarily  limited  to 
seedlings  and  the  smaller  diameter  classes,  therefore  its  total  basal  area  has 
remained  relatively  unchanged.  Although  it  is  currently  an  important  woodland 
component,  it's  relative  dominance  has  diminished  since  1975,  and  will  probably 
continue  to  decline  in  importance. 


SUMMARY 

Each  occurence  of  a  canopy  opening  has  resulted  in  an  increase  of  sugar  maple 
density.  The  high  seedling  densities  of  sugar  maple  recorded  since  1960, 
coupled  with  its  increases  in  basal  area,  has  assured  its  continued  dominance  in 
the  woodland.  Sugar  maple  presently  exceeds  all  tree  species  both  in  density 
and  in  basal  area  for  all  size  classes  below  60  cm  dbh. 

Brownfield  Woods  will  continue  to  be  a  mesophytic  forest  dominated  by  maple, 
with  buckeye  becoming  increasingly  important  as  its  basal  area  increases. 
Basswood  and  hackberry  are  important  components  of  the  stand,  but  less  so 
today  than  previous  inventory  data  had  indicated.  The  oaks  continue  to  be  an 
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important  stand  component  because  of  their  large  basal  area,  but  with  virtually  no 
oak  reproduction  occurring,  their  future  decline  is  probable. 
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Table  7. 

Inventory 

Year 

1925 

1960 

1975 

1986 


1925-1986  Changes  In  stand  density  for  all  species  by  size  classes. 

Size  Cl  ass 


Seed-  8ap-  7-15  16-30  31-60  61-90  91* 

lings  lings  (cat)  <ca)  (cm)  (cm)  (cm) 


76.9  114.7  80.8  10.5 


1 . 5 


33357  5273  112.5  74.0  72.4  19.7 


1 . 7 


10651  1623  288.0  92.3  77.6  22.0 


3.4 


17276  1218  218.4  93.0  81.3  23.3 


4.6 


*  Reproduction  not  tabulated. 


Table  4.  1929-1986  Chtngat  in  Density,  Basal  Area,  and  Importance  Value  for  trees 

larger  than  6.4  ce  dbh. 
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FIGURE  1.  1986  RELATIVE  DOMINANCE. 
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ABSTRACT 

Vegetation  surveys  were  conducted  in  the  six  river  drainages  in  Champaign 
County  from  1987  to  1989.  Specimens  were  collected  from  38  of  112  stations 
visited.  Thirty-six  species  of  vascular  plants  from  20  families  were  identified, 
along  with  several  nonvascular  plants.  All  of  the  vascular  plants  collected  are 
considered  common  in  Illinois,  and  many  are  considered  tolerant  of  degraded 
environmental  conditions.  A  numerical  rating  indicative  of  environmental  quality 
suggests  that  these  stream  communities  have  suffered  significantly  from  abuse 
or  degradation  but  that  some  of  the  natural  character  remains. 

INTRODUCTION 

Streams  in  Champaign  County  have  undergone  dramatic  changes  since  the  early 
1900s.  Channelization  of  the  streams  in  the  county  began  in  1890  to  facilitate 
drainage  of  river  floodplains  and  marshes  (Larimore  and  Smith  1963).  This 
improved  drainage  allowed  these  very  fertile  soils  to  be  tilled  and  used  for 
rowcrop  agriculture  that  presently  accounts  for  more  than  90%  of  the  land  use 
within  the  county  (Osborne  and  Wiley  1988).  Channelization  also  had  the  effect 
of  increasing  the  length  of  the  drainage  network  by  extending  channels  into  the 
prairie  wetlands  and  draining  them  (Wiley  et  al.  1990). 

The  six  basins  that  drain  Champaign  County  (the  Salt  Fork  and  the  Middle  Fork  of 
the  Vermilion  and  the  Little  Vermilion,  the  Sangamon,  the  Embarras,  and  the 
Kaskaskia  rivers)  have  been  extensively  studied.  Scientists  at  the  Illinois  Natural 
History  Survey  (INHS)  have  studied  fish  assemblages  since  the  late  19th  century 
(Forbes  and  Richardson  1908,  Thompson  and  Hunt  1930,  Larimore  and  Smith 
1963,  Osborne  et  al.  1991),  and  others  have  examined  distribution  and 
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abundance  patterns  of  aquatic  invertebrates  (Alexander  1925).  Jones  and  Bell 
(1974)  have  published  data  on  the  vascular  plants  of  the  Sangamon  River  Basin. 
The  data  presented  here  were  collected  as  part  of  a  larger  study  designed  to 
determine  changes  in  fish  communities  that  have  occurred  in  the  streams  of 
Champaign  County  over  the  past  90  years,  and  to  associate  these  changes  with 
changes  in  aquatic  habitat  and  land  use  (Osborne  et  al.  1991).  To  our 
knowledge,  this  undertaking  represents  one  of  very  few  comprehensive  surveys 
of  aquatic  vascular  plants  associated  with  the  streams  in  central  Illinois  (Jones  and 
Bell  1974),  and  the  first  such  survey  of  the  streams  in  Champaign  County.  Our 
purpose  in  reporting  this  information  is  to  describe  the  existing  vascular  flora 
inhabiting  streams  of  Champaign  County,  thereby  providing  a  basis  for 
comparison  with  future  surveys.  This  information  should  prove  useful  in 
assessing  further  change  in  the  environmental  condition  of  streams  in  central 
Illinois. 


MATERIALS  AND  METHODS 

From  1987-1989  a  total  of  1 12  stations  in  the  six  major  drainages  in  Champaign 
County  were  visited  (Figure  1).  The  network  of  sampling  stations  was  designed 
to  cover  as  broad  a  range  of  stream  types  and  sizes  as  possible.  Stations 
sampled  in  this  survey  represented  a  subset  of  those  sampled  for  fish  by 
Larimore  and  Smith  (1963)  and  Osborne  et  al.  (1991).  Each  station  was  visited  at 
least  once  and  generally  twice  during  the  three-year  period.  Station  visits 
occurred  from  June  through  September  of  each  year. 

Stations  were  150  feet  in  length  with  the  most  downstream  portion  located  a 
minimum  of  100  feet  upstream  of  a  highway  crossing.  This  location  generally 
provided  relatively  easy  access  but  avoided  highly  disturbed  areas  associated 
with  highway  crossings  and  areas  immediately  downstream.  Representatives  of 
each  species  of  nonwoody  vascular  plants  that  occurred  in  the  wetted  perimeter 
of  the  stream  channel,  along  distinctly  moist  lateral  margins  of  the  stream,  or  on 
emerged  sand  bars  and  mudflats  were  either  identified  on  sight  or  taken  to  INHS 
laboratories  for  identification.  Because  many  of  the  smaller  streams  of  the  county 
had  been  channelized  in  the  early  20th  century,  most  stream  banks  were  very 
steep  and  did  not  support  vegetation  typically  considered  aquatic  or  semiaquatic. 
Specimens  were  identified  according  to  Fassett  (1957),  Gleason  and  Cronquist 
(1963),  Swink  and  Wilhelm  (1979);  nomenclature  follows  that  of  the  latter  two. 
Vouchered  specimens  are  archived  in  the  Illinois  Natural  History  Survey 
Herbarium  (ILLS). 


RESULTS  AND  DISCUSSION 

Vascular  plants  occurred  at  38  of  the  112  stations  sampled  and  were  present  in 
all  but  the  Little  Vermilion  River  drainage  (Table  1,  Fig.  1).  A  total  of  36  species 
were  collected  representing  30  genera  and  20  families;  five  (14%)  of  the  36 
were  nonnative  (Swink  and  Wilhelm  1979)  (Table  2).  All  of  the  vascular  plants 
collected  are  common  in  Illinois  (Mohlenbrock  and  Ladd  1978).  The  most  widely 
distributed  genera  were  Polygonum,  Potamogeton,  and  Eleocharis  found  at  15, 
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14,  and  11  stations,  respectively.  Polygonum  spp.  were  found  in  four  of  the 
streams;  Potamogeton  spp.  and  Eleocharis  spp.  were  present  in  three.  Lemna 
spp.  and  Spirodela  polyrhiza ,  the  only  vascular  plants  collected  that  do  not  root  in 
the  substrate,  were  collected  primarily  from  the  Salt  Fork  and  the  Middle  Fork  of 
the  Vermilion. 

In  addition  to  the  vascular  plants,  several  nonvascular  plants  were  collected 
during  the  study.  Algae,  including  undetermined  species  of  Pithophora, 
Spirogyra,  and  Cladophora ,  were  present  in  all  but  the  Middle  Fork  drainage. 
Spirogyra  and  Cladophora  have  been  found  in  other  reaches  of  the  Middle  Fork 
drainage,  although  they  were  not  collected  within  the  borders  of  Champaign 
County  (Osborne  per.  obs.).  The  bryophyte  Fontinalis  was  collected  in  the  Salt 
Fork  drainage. 

The  number  of  stations  with  vegetation  present  within  each  drainage  varied 
considerably,  from  none  in  the  Little  Vermilion  to  18  in  the  Salt  Fork  of  the 
Vermilion  (Table  3).  When  expressed  as  a  percentage  of  the  number  of  stations 
examined,  the  Middle  Fork  of  the  Vermilion  had  the  most  vegetated  sites  (71%). 
No  apparent  relationship  was  found  between  species  richness  within  a  given 
drainage  and  the  area  of  that  drainage,  or  between  species  richness  and  the 
number  of  stations  surveyed  within  a  drainage.  Species  diversity  or  richness  was 
highest  in  the  Middle  Fork  of  the  Vermilion,  which  contained  a  number  of  plants 
found  in  no  other  drainage,  e.g.,  members  of  the  Scrophulariaceae,  Typha  sp., 
Rumex  crispus  (Table  2).  On  the  other  hand,  the  Sangamon  had  little  vegetation 
associated  with  the  stream  and  stream  bed  and  the  Little  Vermilion  had  none.  An 
earlier  survey  of  vegetation  in  the  entire  Sangamon  Drainage,  listed  for 
Champaign  County  all  the  genera  identified  in  the  Sangamon  during  this  survey 
and  several  that  were  not  found  during  our  survey,  e.g.,  Ceratophyllum,  Elodea, 
Myriophyllum,  Nasturtium,  Potamogeton,  Ranunculus,  and  Scirpus  (Jones  and 
Bell  1974). 

As  mentioned  earlier,  the  data  reported  here  were  collected  as  part  of  a  larger 
study  designed  to  determine  changes  in  fish  communities  that  have  occurred  in 
the  streams  of  Champaign  County  over  the  past  90  years,  and  to  associate  these 
changes  with  those  in  aquatic  habitat  and  land  use  (Thompson  and  Hunt  1930, 
Larimore  and  Smith  1963,  Osborne  et  al.  1991).  Earlier  surveys  of  these 
Champaign  County  streams  indicated  the  presence  of  vegetation  but  did  not 
identify  the  exact  collection  location.  As  a  result,  we  cannot  compare  individual 
drainages;  however,  we  can  compare  combined  stream  communities.  About  half 
of  the  25  plants  identified  during  the  1930  survey  were  not  observed  during  our 
survey  (Thompson  and  Hunt  1930),  including  several  species  of  Potamogeton, 
Scirpus ,  and  Bidens\  and  Sparganium  sp.,  Callitriche  sp.,  Myriophyllum 
heterophyllum,  Equisetum  hiemale,  Ambrosia  trifida,  and  Nymphaea  advena. 
Larimore  and  Smith  (1963)  identified  several  plants  not  observed  in  the  1930 
survey,  including,  Equisetum  arvense,  Spartina  pectinata,  Carex  cristatella, 
Rumex  altissimus,  Rorippa  islandica,  Lysimachia  nummularia,  Ascelpias  incarnata, 
Phyla  lanceolata,  Justicia  americana,  Lycopus  americanus,  Eupatorium 
perfoliatum,  and  Hibiscus  militaris.  Larimore  and  Smith  did  not  list  any  of  the 
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Potamogeton  spp.  observed  by  Hunt  and  Thompson  but  did  identify 
Potamogeton  foliosus.  Only  four  of  the  approximately  15  plants  that  Larimore 
and  Smith  added  to  the  earlier  list  were  present  during  our  survey. 

Evaluating  the  environmental  quality  of  one  area  and  comparing  it  to  that  of  other 
areas  is  a  difficult  task.  One  measure  of  habitat  quality  is  the  percentage  of  native 
versus  nonnative  taxa.  In  the  stream  drainages  of  Champaign  County  during 
1987-1989,  we  found  five  nonnative  species,  or  14%  of  the  total  number  of 
species  identified.  Another  approach  to  evaluating  environmental  quality,  one 
developed  by  Swink  and  Wilhelm  (1979),  relies  on  an  index  in  which  a  numerical 
rating  is  assigned  to  each  plant;  that  rating  expresses  the  relative  autecological 
value  of  that  taxon  relative  to  all  other  taxa  in  the  flora.  Using  this  method,  we 
found  that  the  combined  drainage  areas  surveyed  in  this  study  have  a  value  of 
23.5.  Natural  areas  that  rank  below  35  can  be  assumed  to  have  suffered 
significantly  from  abuse  or  degradation;  however,  those  with  values  between  the 
mid-20's  and  the  mid-30's  are  considered  to  have  evidence  of  natural  character 
(Swink  and  Wilhelm  1979).  We  calculated  the  Rating  Index  for  the  species  lists 
prepared  during  the  previous  surveys  of  these  streams  in  order  to  compare  them 
with  current  conditions.  The  Thompson  and  Hunt  (1930)  list  has  a  Rating  Index 
of  28.1,  and  the  list  given  by  Larimore  and  Smith  (1963)  has  a  Rating  Index  of 
27.9.  Although  the  three  ratings  are  similar,  the  values  are  clearly  decreasing, 
suggesting  continued  degradation  of  the  streams  during  this  century.  Potential 
mechanisms  responsible  for  the  apparent  degradation  in  these  streams  are  the 
continued  application  of  herbicides  to  adjacent  agricultural  areas  and  the  periodic 
maintenance  and  dredging  of  streams  by  drainage  districts. 

The  conditions  in  the  streams  of  Champaign  County  have  changed  dramatically 
since  the  early  1900s.  Many  streams  have  been  channelized,  and  changes  in 
land  use  practices  have  undoubtedly  altered  the  stream  and  bank  flora.  Perhaps 
the  values  of  the  Rating  Index  are  similar  for  the  three  surveys  because  the  data 
were  collected  after  most  of  the  channelization  had  been  completed.  Many  of 
the  species  now  present  in  the  drainages  of  Champaign  County  are  considered 
tolerant  of  degraded  environmental  conditions,  although  the  Rating  Index 
indicates  that  some  of  the  natural  character  of  the  vegetation  communities 
associated  with  these  stream  systems  remains  intact. 
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Table  1.  Station  number  and  location  within  each  river  drainage  where 
vascular  plants  were  collected  in  1987-1989.  The  Little 
Vermilion  is  excluded  because  no  vegetation  was  present 
during  our  surveys. 
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Table  2  continued. 
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Table  3.  Size,  and  vegetative  characteristics  for  the  six  drainage  basins  in  Champaign  County. 
Basin  size  is  an  estimate  of  the  total  drainage  area  at  the  point  of  exit  from  Champaign  County. 
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Figure  1.  Sampling  stations  along  the  six  major 
drainages  in  Champaign  County.  Aquatic  and 
semi-aquatic  vegetation  at  each  of  1 12  stations 
was  recorded.  Open  circles  represent  stations 
where  vegetation  was  not  observed;  black  circles 
indicate  stations  where  vegetaiton  was  present 
Station  locations  are  given  in  Table  1. 
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ABSTRACT 

Few  comprehensive  surveys  have  been  conducted  on  the  helminths  of 
amphibians  from  the  midwestern  states  of  Illinois,  Indiana,  Iowa,  Kentucky, 
Michigan,  Missouri  and  Wisconsin.  With  the  exception  of  Illinois,  the  majority  of 
reports  are  confined  primarily  to  the  helminths  of  anurans  while  little  is  known  of 
salamander  parasites.  Nematodes  and  trematodes  are  probably  the  most 
common  parasites,  while  the  occurrence  of  tapeworms  appears  to  be  essentially 
correlated  with  an  aquatic  environment.  Acanthocephalans  are  rarely  found  in 
terrestrial  salamanders.  Although  some  species  of  helminths  have  been  studied 
experimentally  primarily  in  life  cycle  investigations,  most  information  concerning 
the  helminths  of  amphibians  is  of  a  descriptive  nature,  based  on  taxonomic 
surveys  and  morphological  investigations. 

INTRODUCTION 

While  the  literature  on  the  helminth  parasites  of  amphibians  of  the  contiguous 
United  States  is  extensive,  the  majority  of  reports  are  confined  primarily  to  the 
parasites  of  anurans.  One  reason  for  this  may  be  that  salamanders  are  more 
secretive  animals,  hiding  under  rocks  and  logs  and  in  some  instances  confined  to 

caves.  The  reports  of  Yamaguti  34-38>  Walton  32,  and  Ulmer  30  are  excellent 
review  sources. 

The  purpose  of  the  present  report  is  to  tabulate  the  helminth  parasites  reported 
from  anuran  and  caudate  amphibians  in  the  midwestern  states  of  Illinois,  Indiana, 
Iowa,  Kentucky,  Michigan,  Missouri  and  Wisconsin. 
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RESULTS 


Helminth  parasites  have  been  reported  from  9  families  of  amphibians,  namely,  3 
in  the  order  Anura  and  6  in  the  Caudata  (Table  2).  Anuran  hosts  include  2 
members  of  the  family  Bufonidae  and  5  species  each  of  the  families  Hylidae  and 
Ranidae.  Caudate  amphibian  hosts  include  7  members  of  the  family 
Ambystomatidae,  8  of  the  family  Plethodontidae  and  1  each  of  the  families 
Cryptobranchidae,  Necturidae,  Salamandridae  and  Sirenidae. 

Of  the  12  species  of  anuran  hosts,  11  were  infected  with  trematodes,  4  with 
cestodes  and  6  with  nematodes  (Table  2).  Three  of  these  species  were  infected 
with  trematodes,  cestodes  and  nematodes,  2  with  trematodes  and  nematodes,  1 
with  trematodes  and  cestodes,  5  with  trematodes  only,  and  1  with  nematodes 
only.  None  was  infected  with  acanthocephalans. 

Nineteen  species  of  caudate  amphibians  were  reported  infected  with  helminths 
(Table  2).  These  included  16  with  trematodes,  18  with  nematodes  and  4  each 
with  cestodes  and  acanthocephalans.  One  species  was  infected  with 
trematodes,  cestodes,  nematodes  and  acanthocephalans,  1  with  trematodes, 
cestodes  and  nematodes,  2  with  trematodes,  nematodes  and 
acanthocephalans,  1  with  cestodes,  nematodes  and  acanthocephalans,  1  with 
trematodes  and  cestodes,  11  with  trematodes  and  nematodes  and  2  with 
nematodes  only. 

Of  the  15  species  of  trematodes  reported  from  caudate  amphibans,  14  were 
digenetic  flukes  and  only  1  a  monogenetic  fluke,  namely,  Sphyranura  olseri 
Wright,  1879,  in  Necturus  maculosus  from  Wisconsin  (Table  1).  None  was 
reported  from  anuran  hosts. 

Hosts  are  usually  infected  with  either  the  adult  or  larval  stage  of  the  parasite. 
However,  some  hosts  have  been  reported  to  house  both  stages  whereby  they 
could  serve  as  either  the  definitive  or  intermediate  host  or  possibly  both  at  the 
same  time. 

Helminths  reported  from  the  combined  total  of  anuran  and  caudate  amphibians 
reveal  representatives  from  33  families  (Table  1).  These  include  species  from  1 
family  of  monogenetic  flukes,  11  families  of  adult  digenetic  flukes,  6  families  of 
larval  digenetic  flukes,  3  families  of  adult  tapeworms,  2  families  of  larval 
tapeworms,  7  families  of  adult  nematodes,  2  families  of  larval  nematodes  and  1 
family  of  adult  acanthocephalans. 

Thirty-eight  genera  of  helminths  were  recorded  (Table  1).  These  included  1 
genus  of  adult  monogenetic  flukes,  14  genera  of  adult  digenetic  flukes,  7  genera 
of  larval  digenetic  flukes,  4  genera  of  adult  tapeworms,  1  genus  of  larval 
tapeworms,  10  genera  of  adult  nematodes,  1  genus  of  larval  nematodes  and  1 
genus  of  adult  acanthocephalans. 
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Fifty-five  of  the  73  reported  helminths  were  identified  to  the  species  level.  This 
included  1  species  of  adult  monogenetic  flukes,  28  species  of  adult  digenetic 
flukes,  4  species  of  larval  digenetic  flukes,  8  species  of  adult  tapeworms,  13 
species  of  adult  nematodes  and  1  species  of  adult  acanthocephalans. 

DISCUSSION 

A  survey  of  the  literature  pertaining  to  the  helminths  of  amphibians  in  Illinois 
reveals  that  the  majority  of  reports  are  confined  to  salamander  parasites.  Most  of 
the  information  on  anuran  parasites  is  concerned  with  life  history  studies. 
Landewe  examined  200  salamanders  representing  11  species  but  did  not 

publish  his  results.19  One  hundred  and  twenty-two  (61%)  salamanders 
representing  10  of  the  11  host  species  were  infected.  This  included  7  species  of 
trematodes,  one  of  cestode,  6  of  nematodes  and  2  of  acanthocephalans.  Dyer 
described  the  nematode  (Falcaustra  chabaudi)  from  Siren  intermedia  and  the 
same  year  Dyer  and  Brandon  investigated  the  helminths  of  3  sympatric  species  of 

cavedwelling  salamanders  in  southern  Illinois.5-8  Two  species  of  nematodes  and 
1  trematode  were  recovered  from  46  of  322  specimens  of  Plethodon  dorsalis 
and  4  of  17  Eurycea  iucifuga.  One  species  of  trematode  was  found  in  10  of  41 
Plethodon  glutinosus.  Tapeworms  and  acanthocephalans  were  absent  from 
species  of  Plethodon  which  have  a  completely  terrestrial  life  cycle.  The 
occurrence  of  cestodes  in  salamanders  appears  to  be  correlated  with  an  aquatic 
environment.  Their  absence  from  E.  Iucifuga ,  which  has  an  aquatic  larval  stage, 
may  be  an  artifact  of  small  sample  size.  Dyer  and  Peck  in  a  study  of  the 
gastrointestinal  parasites  of  Eurycea  Iucifuga  from  the  southeastern  United 
States  reported  the  nematode  (Oswaldocruzia  pipiens)  from  salamanders  taken 

in  Union  County.1 1  Jilek  and  Wolff  reported  a  nematode  (Spinitectus  gracilis)  in  a 
toad  (Bufo  woodhousii  fowleri)  collected  in  Jackson  County.16  However,  B. 
woodhousii  fowleri  may  be  an  erratic  host  as  it  is  aquatic  as  a  tadpole  with 
terrestrial  feeding  habits  and  S.  gracilis  requires  an  aquatic  intermediate  host.  In  a 
study  of  the  gastrointestinal  helminths  in  relation  to  sex  and  age  of 
Desmognathus  fuscus,  Dyer  et  al.  reported  2  species  of  nematodes,  one  of 
trematode,  and  a  few  unidentified  juvenile  acanthocephalans  in  149  (33.7%)  of 

442  animals  examined.10  There  was  no  significant  difference  in  the  frequency  of 
occurrence  of  helminths  between  the  sexes.  One  hundred  twenty  hosts  were 
positive  for  one  parasitic  species  (27.3%),  28  for  two  (6.4%)  and  1  for  three 
(0.2%).  Price  and  St.  John  reported  3  species  of  flukes  and  2  species  of 

nematodes  in  54  of  57  Ambystoma  texanum  taken  in  Williamson  County.25  Price 
and  Buttner  examined  76  adult  and  19  immature  Notophthalmus  viridescens 
louisianensis  from  southern  Illinois  and  reported  a  43%  prevalence  of  infection  in 

adults  with  no  parasites  recovered  from  immature  salamanders.24  More  recently, 
Dyer  reported  Phyllodistomum  solidum  in  the  dusky  salamander  (Desmognathus 
fuscus)  from  southern  Illinois.7 

It  is  evident  that  while  information  on  helminths  of  salamander,  especially  from  the 
southern  region  of  Illinois,  is  accruing,  a  paucity  of  information  exists  on  anuran 
helminths. 
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The  only  extensive  survey  of  helminths  of  amphibians  in  Iowa  is  that  published  by 
Ulmer  who  examined  542  amphibians  from  40  areas  of  northwest  Iowa  during 
1953  to  1967  and  reported  an  incidence  of  52.8%  infection  with  fifteen  species 

of  digenetic  flukes.28  Hosts  examined  included  Ambystoma  tigrinum ,  Bufo 
americanus ,  Bufo  cognatus ,  Acris  crepitans ,  Hyla  versicolor ,  Pseudacris  triseriata, 
Rana  catesbeiana ,  and  Rana  pipiens.  Later,  Ulmer  and  James  examined  706 
amphibians  representing  the  same  8  species,  collected  during  the  summer  of 
1953  to  1974  from  24  areas  of  northwestern  Iowa  and  reported  an  incidence  of 

13.6%  infection  with  cestodes  30  The  3  species  of  adult  cestodes  encountered 
included  Cylindrotaenia  americana,  Ophiotaenia  saphena  and  Nematotaenoides 
ranae.  Two  types  of  larval  cestodes  were  found,  namely,  tetrathyridia  of 
Mesocestoides  and  proteocephalan  plerocercoids.  Rana  pipiens ,  the  most 
abundant  host  in  the  region,  harbored  all  5  species  of  cestodes  recovered.  Each 
of  7  hosts  (5  R.  pipiens  and  2  B.  americanus)  harbored  more  than  one  type  of 
tapeworm  infection. 

Surveys  of  amphibian  cestodes  often  refer  to  the  paucity  of  these  helminths. 
Results  presented  by  Ulmer  and  James  reveal  that  larval  cestodes  are 

considerably  more  abundant  than  are  adults  in  amphibian  hosts.30 

Published  accounts  of  the  helminth  fauna  of  amphibians  from  Kentucky  are 
regrettably  meager.  Del  Fosse  and  Whittaker  reported  3  of  24  newts 
(Notophthalmus  viridescens)  infected  with  the  cestode  (Bothriocephalus  rarus) 

and  24  of  24  newts  infected  with  the  nematode  (Capillaria  tenua ).3  Later,  Dyer 
and  Peck  found  cave  salamanders  (Eurycea  lucifuga)  from  Edmonson  County 
infected  with  Capillaria  inequalis ,  Cosomercoides  dukae  and  Oswaldocruzia 
pipiens 

Published  accounts  of  the  helminth  fauna  of  amphibians  from  Missouri  likewise 
appear  regrettably  meager.  Smith  found  larval  Typhlotriton  spelaeus  heavily 

infected  with  cestodes  of  the  genus  Ophiotaenia,  probably  O.  amphiumae  26 
The  bladder  fluke,  Gorgodera  amplicava,  has  been  reported  from  the  Wolffian 

ducts  and  mesonephroi  of  Rana  catesbeiana  by  Goodchild.15  Dyer  and  Brandon 
found  hellbenders,  Cryptobranchus  alleganiensis,  in  Dallas  County  to  be 
infected  with  the  nematode  ( Falcaustra  variabilis),  the  cestode  ( Ophiotaenia 

cryptobranchi)  and  the  acanthocephalan  (Acanthocephalus  acutulus ).9  Later, 
Dyer  found  Typhlotriton  spelaeus  collected  in  Wet  Cave,  Shannon  County  to  be 
infected  with  the  fluke  (Brachycoelium  salamandrae)  and  the  nematodes 

(Capillaria  inequalis,  C.  sp.,  Falcaustra  catesbeianae  and  Oswaldocruzia  sp.).6 
Comparison  of  parasitological  findings  and  feeding  habits  revealed  a  correlation 
between  intestinal  parasitocenosis  of  postmetamorphic  T.  spelaeus  and  food 
sources  in  the  habitat. 

Few  published  reports  on  the  helminths  of  amphibians  of  Indiana  are  available. 
Cort  observed  the  lung  flukes  ( Haematoloechus  longiplexus  and  H.  breviplexus) 
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in  the  bullfrog  (Rana  catesbeiana)  .2  Walton  found  cysts  of  the  nematode 
(Physaloptera  ranae)  in  the  stomach  and  intestinal  wall  of  Rana  catesbeiana  from 

northern  Indiana.31  Krull  reported  the  lung  fluke  (Pneumonoeces  medioplexus) 
from  Rana  pipiens  in  North  Judson,  Indiana.17  Later,  Lank  examined  72  Rana 

catesbeiana  from  four  Indiana  areas  and  found  91 .7%  infected.20  Several  flukes 
including  Gorgodera  amplicava,  Gorgoderina  attenuata,  Haematoloechus 
breviplexus ,  Haematoloechus  longiplexus  and  Glypthelmins  quieta  and  a 
nematode  ( Crysomatium  longicaudata)  were  detected  in  R.  catesbeiana . 

Studies  on  the  helminth  parasites  of  amphibians  from  Michigan  are  confined  to 
anurans.  Fortner  examined  208  frogs  in  the  Douglas  Lake  Region,  Cheboygan 

County,  Michigan.13  Flukes  representing  Diplodiscus  temperatus ,  Gorgoderina 
attenuata.  Pneumoneces  medioplexus,  P.  similiplexus,  Cephalogonimus 
americanus  and  Clinostomum  attentatum  were  found  in  Rana  pipiens. 
Gorgoderina  attenuata  and  Pneumoneces  similiplexus  were  detected  in  Rana 
clamitans.  Krull  reported  Pneumobites  parviplexus  from  Rana  clamitans  from  Ann 
Arbor  and  Douglas  Lake  and  Pneumonoeces  medioplexus  from  Rana  pipiens 

from  the  same  localities.1 7  In  their  studies  on  the  life  history  of  the  fluke 
Diplodiscus  temperatus  from  the  frog,  Krull  and  Price  reported  this  parasite  from 
naturally  infected  frogs,  including  Rana  pipiens,  R.  clamitans,  R.  sylvatica 

cantabrigensis,  and  R.  catesbeiana .18  Lawler  described  the  tapeworm 
Cylindrotaenia  quadrijugosa  from  Rana  pipiens .19  Najarian  found  1 1  species  of 

adult  trematodes  and  4  species  of  metacercariae  in  9  species  of  frogs.22  Later 
Esch  and  Kocan  reported  finding  4  specimens  of  the  trematode  Teloporia 
aspidonectes  in  the  lungs  of  Rana  catesbeiana .12 

Helminths  of  both  anuran  and  caudate  amphibians  have  been  reported  from 
Wisconsin.  The  first  report  of  the  parasites  of  Wisconsin  anurans  was  that  given 
by  Williams  and  Taft  in  1980  who  examined  4  Bufo  americanus,  412  Rana 
clamitans,  22  R.  pipiens  and  5  R.  sylvatica  from  the  Red  Cedar  River  and  5 

adjacent  ponds  in  S.  Barron  County  and  N.  Dunn  County.33  Rana  clamitans  was 
infected  with  11  species  of  flukes,  2  species  of  cestodes  and  2  species  of 
nematodes,  R.  pipiens  with  6  species  of  flukes,  3  species  of  cestodes  and  3 
species  of  nematodes  and  R.  sylvatica  with  1  species  of  fluke  and  3  species  of 
nematodes.  Coggins  and  Sajdak  examined  117  salamanders  and  18  anurans 
representing  14  host  species  collected  from  7  localities  in  Wisconsin  for 

helminths.1  Forty-two  percent  of  salamanders  and  89%  of  anurans  were  infected 
with  one  or  more  species  of  parasite  including  4  nematodes,  7  digeneans,  1 
cestode  and  1  monogenean.  The  same  year,  Tiekotter  and  Coggins  reported 
the  fluke  (Phyllodistomum  americanum)  from  the  urinary  bladder  of  Amby stoma 
tigrinum  in  southeastern  Wisconsin  27 

With  the  exception  of  Illinois,  the  majority  of  reports  are  confined  primarily  to  the 
helminths  of  anurans.  Nematodes  and  trematodes  are  probably  the  most 
common  parasites  of  amphibians  in  the  midwestern  region.  The  occurrence  of 
tapeworms  appears  to  be  correlated  with  an  aquatic  environment.  Few  reports 


130 


are  given  for  acanthocephalans.  Although  some  species  of  helminths  have  been 
studied  experimentally,  most  information  concerning  the  helminths  of 
amphibians  is  of  a  descriptive  nature,  based  on  taxonomic  surveys  and 
morphological  investigations. 
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Table  1.  List  of  helminths  reported  in  amphibians  from  Illinois,  Indiana,  Iowa, 
Kentucky,  Michigan,  Missouri  and  Wisconsin.  The  classification  of  each  parasite 

is  based  on  that  of  Yamaguti  34-38.  Numerals  following  geographic  localities  refer 
to  authors  as  listed  in  the  Literature  Cited. 


Trematoda: 

Monogenea: 

Sphyranuridae  Poche,  1926. 

Sphyranura  olseri  Wright,  1879. 

Host:  Necturus  maculosus  (Wisconsin  - 1). 

Adult  Digenea: 

Brachycoeliidae  (Looss,  1899)  Johnston,  1912. 

Brachycoelium  obesum  Nicoll,  1914. 

Syn:  B.  ovale  Byrd,  1937. 

Host:  Desmognathus  fuscus  (Illinois  - 10). 

Brachycoelium  salamandrae  (Froelich,  1789)  Luhe,  1909. 

Syn:  B.  crassicolle  (Rud.,  1809)  Stiles  and  Hassall,  1898;  B.  daviesi, 
Harwood,  1932;  B.  dorsale  Byrd,  1937;B.  georgianum  Byrd, 
1937;  B.  hospitale  (Stafford,  1900)  Looss,  1902;  B.  louisiana 
Byrd,  1937;  B.  mesorchium  Byrd,  1937;  B.  storeriae  Harwood, 
1932. 

Host:  Acris  crepitans  (Michigan  -  22),  Ambystoma  maculatum  (Illinois  - 
19,  Wisconsin  - 1),  A.  opacum  (Illinois  - 19),  A.  talpoideum 
(Illinois  - 19,  Eurycea  longicauda( Illinois  - 19),  E.  lucifuga 
(Illinois  - 19),  Plethodon  cinerus  (Wisconsin  - 1),  P.  glutinosus 
(Illinois  - 19),  Rana palustris  (Wisconsin  - 1),  R.  sylvatica 
(Michigan  -  22),  Typhlotriton  spelaeus  (Missouri  -  6). 

Brachycoelium  sp. 

Host:  Ambystoma  texanum  (Illinois  -  25),  Eurycea  lucifuga  (Illinois  - 
8),  Notophthalmus  viridescens  (Illinois  -  24),  Plethodon 
dorsalis  (Illinois  -  8),  P.  glutinosus  (Illinois  -  8). 

Cephalogonimidae  (Looss,  1899)  Nicoll,  1914. 

Cephalogonimus  americanus  Stafford,  1902. 

Syn:  C.  restusus  of  Walton,  1938. 

Host:  Rana  clamitans  (Michigan  -  22),  R.  pipiens  (Michigan  - 13,  22). 

Cephalogonimus  salamandrus  Dronen  and  Lang,  1974. 

Host:  Ambystoma  tigrinum  (Wisconsin  - 1),  Rana  clamitans 
(Wisconsin  - 1), 

Cephalogonimus  vesicaudus  Nickerson,  1912. 

Host:  Rana  clamitans  (Michigan  -  22). 

Cephalogonimus  sp. 

Host:  Rana  pipiens  (Wisconsin  -  33). 
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Gorgoderidae  (Looss,  1899)  Looss,  1901. 

Gorgodera  amplicava  Looss,  1899. 

(Distoma  cygnoidesv ar.  A.  of  Bensley,  1897,  renamed). 

Host:  Rana  catesbeiana  (Indiana  -  20,  Missouri  - 15),  R.  clamitans 
(Michigan  -  22),  R.  pipiens  (Iowa  -  28). 

Gorgoderina  attenuata  (Stafford,  1902)  Stafford,  1905. 

Host:  Eurycea  lucifuga  (Illinois  - 19),  Rana  catesbeiana_(\r\d\ana  -  20), 
R.  clamitans  (Michigan  - 13),  R.  pipiens  (Iowa  -  25,  Michigan  - 
13,  Wisconsin  -  26). 

Gorgoderina  bilobata  Rankin,  1937. 

Host:  Ambystoma  texanum  (Illinois  - 19,  25),  Bufo  americanus 
(Wisconsin  - 1 , 27),  Eurycea  lucifuga  (Illinois  -19), 
Hemidactylium  scutatum  (Wisconsin  - 1). 

Gorgoderina  simplex  (Looss,  1899)  Looss,  1902. 

(Distoma  cygnoidesv ar.  B.  of  Bensley,  renamed). 

Host:  Rana  catesbeiana  (Michigan  -  22),  R.  clamitans  (Wisconsin  -  33, 
Michigan  -  22),  R.  pipiens  (Iowa  -  28). 

Phyllodistomum  americanum  Osborn,  1903. 

Host:  Ambystoma  tigrinum  (Wisconsin  - 1 , 27). 

Phyllodistomum  solidum  Rankin,  1937. 

Host:  Desmognathus  fuscus  (Illinois  -  7). 

Haematoloechidae  Odening,  1964. 

Haematoloechus  breviplexus  Stafford,  1902. 

Host:  Rana  catesbeiana  (Indiana  -  2,  20),  R.  clamitans  (Michigan  -  22). 

Haematoloechus  complexus  (Seely ,  1906)  Krull,  1933. 

Syn:  Ostiolum  complexus  ( Seely,  1906). 

Host:  Rana  pipiens  (Iowa  -  28). 

Haematoloechus  longiplexus  Stafford,  1902. 

Syn:  Pneumobites  longiplexus  (Stafford,  1902)  Ward,  1917. 

Host:  Rana  catesbeiana  (Indiana  -  2,  20,  Iowa  -  28,  Michigan  -  22),  R. 
clamitans  (Wisconsin  -  33),  R.  pipiens  (Iowa  -  28). 

Haematoloechus  medioplexus  Stafford,  1902. 

Syn:  Ostiolum  formosum  Pratt,  1903;  O.  medioplexus  (Stafford, 
1902). 

Host:  Bufo  americanus  (Iowa  -  28),  Rana  pipiens  (Indiana  - 17,  Iowa  - 
28,  Michigan  - 13, 17),  R.  sylvatica  (Wisconsin  -  33). 

Haematoloechus  parviplexus  ( Irwin,  1929)  Harwood,  1932. 

Syn:  Pneumobites  parviplexus  Irwin,  1929. 

Host:  Rana  clamitans  (Michigan  - 17,  22,  Minnesota  - 17,  Wisconsin  - 
33). 

Haematoloechus  similiplexus  Stafford,  1902. 

Host:  Bufo  americanus  (Iowa  -  28),  Rana  pipiens  (Iowa  -  25,  Michigan  - 
13),  R.  clamitans  (Michigan  - 13). 

Haematoloechus  varioplexus  Stafford,  1902. 

Host:  Rana  clamitans  (Michigan  -  22,  Wisconsin  -  33),  R.  pipiens 
(Wisconsin  -  33). 

Haematoloechus  sp. 

Host:  Rana  clamitans  (Wisconsin  -  33),  R.  pipiens  (Iowa  -  28). 
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Hemiuridae  Luhe,  1901. 

Halipegus  eccentricus  Thomas,  1937. 

Host:  Rana  clamitans  (Wisconsin  -  33),  R.  pipiens  (Wisconsin  -  33). 
Halipegus  sp. 

Host:  Rana  pipiens  (Iowa  -  28). 

Lecithodendriidae  (Luhe,  1901)  Odhner,  1910. 

Loxogenes  arcanum  ( Nickerson,  1900)  Stafford,  1905. 

Syn:  Distoma  arcanum  Nickerson,  1900;  D.  medians  Olson  of 
Stafford,  1900;  Pleurogenes  arcanum  of  Pratt,  1902; 
Pleurogenoides  arcanum  of  Kaw,  1943. 

Host:  Rana  clamitans  (Wisconsin  -  33). 

Macroderoididae  McMullen  1937. 

Glypthelmins  pennsylvaniensis  Cheng,  1961 . 

Host:  Hyla  crucifer  (Wisconsin  - 1). 

Glypthelmins  quieta  (Stafford,  1900)  Stafford,  1905. 

Syn:  Opisthioglyphe  endoloba  Duj.  of  Stafford,  1901. 

Host:  Acris  crepitans  (Iowa  -  28),  Hyla  crucifer  (Michigan  -  22), 

Pseudacris  triseriata  (Iowa  -  28),  Rana  catesbeiana  (Indiana  - 
20,  Iowa  -  28,  Michigan  -  22),  R.  clamitans  (Wisconsin  -  33),  R. 
pipiens  (Iowa  -  28,  Wisconsin  -  33). 

Paramphistomidae  Fischoeder,  1901. 

Megalodiscus  rankini  Bravo-Hollis,  1941 . 

Host:  Notophthalmus  viridescens  (Illinois  - 1). 

Megalodiscus  temperatus  (Stafford,  1905)  Harwood,  1932. 

Syn:  Diplodiscus  subclavatus  Dies,  of  Leiby,  1856;  D.  temperatus 
Stafford,  1905;  Megalodiscus  ranophilus  Milzner,  1924. 

Host:  Bufo  americanus  (Iowa  -  28),  Hyla  crucifer  (Michigan  -  22),  Rana 
catesbeiana  (Iowa  -  28,  Michigan  -  22),  R.  clamitans  (Michigan  - 
22,  Wisconsin  -  33),  R.  pipiens  (Iowa  -  28,  Michigan  - 13, 
Wisconsin  -  33). 

Pseudopisthodiscus  sp. 

Host:  Ambystoma  texanum  (Illinois  - 19). 

Plagiorchiidae  (Luhe,  1901)  Ward,  1917. 

Monodistomum parvum  (Stunkard,  1933)  Yamaguti,  1958. 

Syn:  Plagitura  parvum  Stunkard,  1 933. 

Host:  Notophthalmus  viridescens  (Illinois  - 19). 

Monodistomum  salamandra  (Holl,  1928)  Yamaguti,  1958. 

Syn:  Plagitura  salamandra  Holl,  1928. 

Host:  Notophthalmus  viridescens  (Illinois  -  24). 

Pronocephalidae  Looss,  1902. 

Teloporia  aspidonectes  ( MacCallum,  1917)  Fukui,  1933. 

Host:  Rana  catesbeiana  (Michigan  - 12) 

Telorchiidae  (Looss,  1899)  Stunkard,  1924. 

Telorchis  bonnerensis  Waitz,  1960. 

Host:  Ambystoma  tigrinum  (Iowa  -  28). 
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Larval  Digenea: 

Clinostomatidae  Luhe,  1901. 

Clinostomum  attenuatum  Cort,  1913,  metacercaria. 

Syn:  C.  marginatum  Wright,  1879. 

Host:  Rana  clamitans  (Michigan  - 13,  22),  R.  pipiens  (Iowa  -  28). 
Diplostomidae  Poirier,  1886. 

Diplostomum  ambystomae  Rankin  and  Hughes,  1937,  metacercaria. 

Host:  Ambystoma  texanum  (Illinois  - 19,  25). 

Fibricola  crater  (Baker  and  Noll,  1915)  Dubois,  1932,  diplostomula. 

Syn:  Hemistomum  craterum  Baker  and  Noll,  1915;  Fibricola  laruei 
Miller,  1940;  F.  nana  Chandler  and  Rausch,  1946. 

Host:  Pseudacris  triseriata  (Iowa  -  28),  Rana  pipiens  (Iowa  -  28). 
Neodiplostomum  sp.t  metacecaria. 

Host:  Ambystoma  maculatum  (Illinois  - 19),  A.  opacum  (Illinois  - 19). 
Eurycea  lucifuga  (Illinois  - 19), 

Siren  intermedia  (Illinois  - 19). 

Echinostomatidae  (Looss,  1902)  Poche,  1926. 
echinostome  metacercaria. 

Host:  Bufo  americanus  (Iowa  -  28),  Hyla  crucifer  (Michigan  -  22),  Rana 
clamitans  (Michigan  -  22),  R.  pipiens  (Iowa  -  28),  R.  sylvatica 
(Michigan  -  22). 

Gorgoderidae  (Looss,  1899)  Looss,  1901. 

Gorgoderina  sp.,  metacercaria. 

Host:  Eurycea  lucifuga  (Illinois  - 19),  Hyla  crucifer  (Michigan  -  22), 
Rana  clamitans  (Michigan  -  22),  R.  pipiens  (Iowa  -  28),  R. 
sylvatica  (Michigan  -  22). 

Plagiorchiidae  (Luhe,  1901)  Ward,  1917. 

Ochetosoma  sp.,  metacercaria. 

Syn:  Rentier  sp. 

Host:  Rana  pipiens  (Michigan  -  22). 
plagiorchid  metacercaria 

Host:  Rana  pipiens  (Iowa  -  28). 

Strigeidae  Railliet,  1919. 

Aphary ngostrigea  pipientis  (Faust,  1918)  Oliver,  1940,  metacercaria. 

Host:  Rana  pipiens  (Iowa  -  28). 
tetracotyle  metacercaria. 

Host:  Rana  pipiens  (Iowa  -  28). 

Unidentified  metacercaria 

Host:  Ambystoma  tigrinum  (Wisconsin  - 1),  Bufo  americanus  (Iowa  - 
28),  Hemidactylium scutatum (Wisconsin  - 1),  Hyla  versicolor 
(Iowa  -  28),  Rana  pipiens  (Iowa  -  28). 


Cestoda: 

Bothriocephalidae  Blanchard,  1849 

Bothriocephalus  rarus  Thomas,  1937. 

Host:  Notophthalmus  viridescens  (Kentucky  -  3). 
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Nematotaeniidae  Luhe,  1910. 

Cylindrotaenia  americana  Jewell,  1916. 

Host:  Acris  crepitans  (Iowa  -  30),  Bufo  americanus  (Iowa  -  30),  Rana 
pipiens  (Iowa  -  30). 

Cylindrotaenia  quadrijugosa  Lawler,  1939. 

Host:  Rana  pipiens  (Michigan  -  21 ). 

Nematotaenoides  ranae  Ulmer  and  James,  1976. 

Host:  Rana  pipiens  (Iowa  -  29,  30). 

Proteocephalidae  La  Rue,  1911. 

Ophiotaenia  amphiumaeZeWii,  1932. 

Host:  Typhlotriton  spelaeus  (Missouri  -  26). 

Ophiotaenia  cryptobranchii  La  Rue,  1914. 

Host:  Cryptobranchus  alleganiensis  (Missouri  -  9). 

Ophiotaenia  loennbergi  (Fuhrmann,  1895)  La  Rue,  1911. 

Host:  Necturus  maculosus  (Wisconsin  - 1). 

Ophiotaenia  saphena  Osier,  1931 . 

Host:  Bufo  americanus  (Iowa  -  30),  Rana  clamitans  (Wisconsin  -  30), 
R.  pipiens  (Iowa  -  30). 

Ophiotaenia  sp. 

Host:  Siren  intermedia  (Illinois  - 19). 

Larval  Cestoda: 

Mesocestoididae  Perrier,  1897. 

Mesocestoides  sp.,  tetrathyridium. 

Host:  Bufo  americanus  (Iowa  -  30),  Rana  clamitans  (Wisconsin  -  33), 
R.  pipiens  (Iowa  -  30,  Wisconsin  -  33). 

Proteocephalidae  Mola,  1929. 
proteocephalan  plerocercoid. 

Host:  Bufo  americanus  (Iowa  -  30),  Notophthalmus  viridescens 
(Illinois  - 19),  Rana  pipiens  (Iowa  -  30). 


Nematoda: 

Kathlaniidae  York  and  Maplestone,  1926. 

Falcaustra  catesbeianae  Walton,  1929. 

Host:  Typhlotriton  spelaeus  (Missouri  -  6). 

Falcaustra  chabaudi  Dyer,  1973. 

Host:  Siren  intermedia  (Illinois  -  5). 

Falcaustra  variabilis  (Walton,  1935)  Chabaud  and  Golvan,  1957. 
Syn:  Zanclophorus  variabilis  Walton,  1935. 

Host:  Cryptobranchus  alleganiensis  (Missouri  -  9).  Oxyuridae 
Cobbold,  1864. 

Aplectana  sp. 

Host:  Plethodon  cinereus  (Illinois  - 19). 
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Cosmocercoides  dukae  ( Holl,  1928)  Wilkie,  1930. 

Host:  Ambystoma  laterale  (Wisconsin  - 1),  A.  maculatum  (Illinois  - 19, 
Wisconsin  - 1),  A.  opacum  (Illinois  - 19),  A.  talpoideu m  (Illinois  - 
19),  A.  texanum  (Illinois  - 19,  25),  A.  tigrinum  (Wisconsin  - 1),  A. 
tremblayi (Wisconsin  - 1),  Bufo  americanus  (Wisconsin  - 1), 
Desmognathus  fuscus  (Illinois  - 10),  Eurycea  lucifuga  (Illinois  - 
8, 19,  Kentucky  - 11),  He midactyliu m  scutatum  (Wisconsin  - 1), 
Notophthalmus  viridescens  (Illinois  -  24,  Wisconsin  - 1), 
Plethodon  cinereus  (Illinois  - 19,  Wisconsin  - 1),  P.  dorsalis 
(Illinois  -  8),  P.  glutinosus  (Illinois  - 19),  Rana  clamitans 
(Wisconsin  - 1 , 33).  R.  palustris  (Wisconsin  - 1),  R.  pipiens 
(Wisconsin  - 1, 33). 

Oxysomatium  longicaudata  (Walton,  1929)  Walton,  1933. 

Host:  Rana  catesbeiana  (Indiana  -  20). 

Oxysomatium  sp. 

Host:  Eurycea  lucifuga  (Illinois  -  5).  Thelandros  magnavulvaris 
(Rankin,  1937)  Shad,  1960. 

Syn:  Oxyuris  magnavulvaris  Rankin,  1937. 

Host:  Desmognathus  fuscus  (Illinois  - 10),  Plethodon  cinereus 
(Illinois -19). 

Physalopteridae  Leiper,  1908. 

Physaloptera  ranae 

Host:  Rana  catesbeiana  (Indiana  -  31). 

Physaloptera  sp. 

Host:  Plethodon  dorsalis  (Illinois  -  8). 

Rhabdiasidae  Railliet,  1945. 

Rhabdias  bufonis  (Schrank,  1 788). 

Host:  Bufo  americanus  (Wisconsin  -  33). 

Rhabdias  ranae  (Walton,  1929). 

Host:  Bufo  americanus  (Wisconsin  - 1),  Plethodon  cinereus 

(Wisconsin  - 1),  Rana  pipiens  (Wisconsin  -  33),  R.  sylvatica 
(Wisconsin  -  33). 

Rhabdias  sp. 

Host:  Ambystoma  maculatum  (Illinois  - 19),  A.  opacum  (Illinois  - 19),  A. 
texanum  (Illinois  -  25),  Eurycea  lucifuga  (Illinois  - 19). 

Rhabdochonidae  Skrjabin,  1946. 

Spinitectus  gracilis  Ward  and  Magath,  1916. 

Host:  Bufo  woodhousii  (Illinois  - 16). 

Trichostrongylidae  Leiper,  1912. 

Oswaldocruzia  pipiens  Walton,  1929. 

Host:  Bufo  americanus  (Wisconsin  - 1),  Eurycea  luficuga  (Illinois  -11, 
Kentucky  - 1 1),  Rana  clamitans  (Wisconsin  -  33),  R.  pipiens 
(Wisconsin  -  33). 

Oswaldocruzia  sp. 

Host:  Eurycea  longicaudata  (Illinois  - 19),  Plethodon  glutinosus 
(Illinois  - 19),  Typhlotriton  spelaeus  (Missouri  -  6). 
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Trichuridae  Railliet,  1915. 

Capillaria  inequalis  Walton,  1935. 

Host:  Eurycea  lucifuga  (Kentucky,  11),  Typhlotriton  spelaeus 
(Missouri  -  6). 

Capillaria  tenua  Mueller,  1932. 

Host:  Notophthalmus  viridescens  (Kentucky  -  3). 

Capillaria  sp. 

Host:  Ambystoma  maculatum  (Illinois  - 19),  A.  opacum  (Illinois  - 19),  A. 
talpoideum  (Illinois  - 19),  Typhlotriton  spelaeus  (Missouri  -  6). 

Larval  Nematoda: 

Rhabdiasidae  Railliet,  1945. 

Rhabdias  sp.  larva 

Host:  Ambystoma  texanum  (Illinois  -  25). 

Spiruridae  Oerley,  1885. 
spirurid  cysts. 

Host:  Ambystoma  laterale  (Wisconsin  - 1),  A.  tigrinum  (Wisconsin  - 1). 

Acanthocephala: 

Echinorhynchidae  Cobbold,  1879 

Acanthocephalus  acutulus  Van  Cleave,  1931. 

Host:  Cryptobranchus  alleganiensis  (Missouri  -  9). 

Acanthocephalus  sp. 

Host:  Ambystoma  talpoideum  (Illinois  - 19),  Siren  intermedia  (Illinois  - 
19). 

Fessisentidae  Van  Cleave,  1931 

Fessisentis  fessus  Van  Cleave,  1931 
Host:  Siren  intermedia  (Illinois  -  4,  23). 

Juvenile  Acanthocephala: 

Host:  Desmognathus  fuscus  (Illinois  - 10). 
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Table  2.  List  of  of  amphibians  from  Illinois,  Indiana,  Iowa, Kentucky,  Michigan, 
Missouri  and  Wisconsin  for  which  helminthshave  been  reported.  The  material  on 
which  the  list  is  based  is  derived  from  the  preceding  table  of  helminths.  The 

classification  of  hosts  is  based  on  that  of  Frost.14 


Orda  Anura  (Salientia) 

Bufonidae 

Bufo  americanus 

Trematoda:  Gorgodera  bilobata  (Wisconsin  -  27),  Gorgoderina 

bilobata  (Wisconsin  - 1),  Haematoloechus  similiplexus 
(Iowa  -  28),  Megabdiscus  temperatus  (Iowa  -  28), 
Ostiolum  medioplexus  (Iowa  -  28),  Echinostoma 
metacercariae  (Iowa  -  28),  Metacerariae  (Iowa  -  28). 

Cestoda:  Cylindrotaenia  americana  (Iowa  -  29),  Ophiotaenia 

saphena  (Iowa  -  29),  Mesocestoides\e\ra\hyr\6\a  (Iowa  - 
29),  Proteocephalan  plerocercoids  (Iowa  -  29). 

Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1),  Oswaldocruzia 
pipiens  (Wisconsin  - 1),  Rhabdias  bufonis  (Wisconsin  - 
33),  R.  ranae  (Wisconsin  - 1). 

Bufo  woodhousii 

Nematoda:  Spinitectus  gracilis  (Illinois  - 1 6). 

Hylidae 

Acris  crepitans 

Trematoda:  Glypthelmins  quieta  (Illinois  -  28), 

Cestoda:  Cylindrotaenia  americana  (Iowa  -  30).  Brachycoeluim 
salamandrae  (Michigan  -  22). 

Hyla  crucifer 

Trematoda:  Glypthelmins  pennsylvaniensis  (Wisconsin  - 1),  G.  quieta 
(Michigan  -  22),  Megabdiscus  temperatus  (Michigan  - 
22),  Echinostome  cysts  (Michigan  -  22),  Gorgoderid 
cysts  (Michigan  -  22). 

Hyla  versicolor 

Trematoda:  Metacercariae  (Iowa  -  28). 

Pseudacris  triseriata 

Trematoda:  Fibricola  craferadiplostomula  (Iowa  -  28), 

Glypthelmins  quieta  (Iowa  -  28). 

Ranidae 

Rana  catesbeiana 

Trematoda:  Glypthelmins  quieta  (Indiana  -  20,  Iowa  -  28,  Michigan  - 
22),  Gorgodera  amplicava  (Indiana  -  20,  Missouri  - 15), 
Gorgoderina  attenuata  (Indiana  -  20),  G.  simplex 
(Michigan  -  22),  Haematoloechus  breviplexus  (Indiana  - 
2,  20),  H.  longiplexus  (Indiana  -  2,  20,  Iowa  -  28,  Michigan 
-  22),  Megabdiscus  temperatus  (Iowa  -  28,  Michigan  - 
22).  Teloporia  aspidonectes  (Michigan  - 12). 

Nematoda:  Oxysomatium  longicaudata  (Indiana  -  20).  Physaloptera 
ranae  (Indiana -31). 


Rana  clamitans 

Trematoda:  Cephalogonimus  americanus  (Michigan  -  22),  C. 

salamandrus  (Wisconsin  - 1),  C.  vesicaudus  Michigan  - 
22),  Clinostomum  attenuatum cysts  (Michigan  -  22), 
Glypthelmins  quieta  (Michigan  -  22,  Wisconsin  -  33), 
Gorgodera  amplicava  (Michigan  -  22),  Gorgoderina 
attenuata  (Wisconsin  - 1, 33,  Michigan  - 13),  G.  simplex 
(Michigan  -  22,  Wisconsin  -  33),  Haematoloechus 
breviplexus  (Michigan  -  22),  H.  longiplexus  (Wisconsin  - 
33),  H.  parviplexus  (Michigan  -  22,  Wisconsin  -  33), 

H.  similiplexus  (Michigan  - 13),  H.  sp.  (Wisconsin  -  33),  H. 
varioplexus  (Wisconsin  -  33),  Halipegus  eccentricus 
(Wisconsin  -  33),  Loxogenes  arcanum  (Wisconsin  -  33), 
Megalodiscus  temperatus  (Michigan  -  22,  Wisconsin  - 
33),  Pneumobitis  parviplexus  (Michigan  - 17,  Minnesota  - 
17),  Echinostome  cysts  (Michigan  -  22),  Gorgoderid 
cysts  (Michigan  -  22). 

Cestoda:  Mesocestoides  sp.  tetrathyridia  (Wisconsin  -  33), 
Ophiotaenia  saphenus  (Wisconsin  -  33). 

Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1 , 33), 
Oswaldocruzia  pipiens  (Wisconsin  -  33). 

Rana  palustris 

Trematoda:  Brachycoelium  salamandrae  (Wisconsin  - 1). 

Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1 ). 

Rana  pipiens 

Trematoda:  Apharyngostrigea  pipientis  tetracotyles  (Iowa  -  28), 

Cephalogonimus  americanus  (Michigan  - 13,  22),  C.  sp. 
(Wisconsin  -  33),  Clinostomum  attenuatum  metacercariae 
(Iowa  -  28,  Michigan  - 13),  Fibricola  crateradiplostomula 
(Iowa  -  28),  Glypthelmins  quieta  (Iowa  -  28,  Wisconsin  - 
33),  Gorgodera  amplicava  (Iowa  -  28),  G.  attenuate  (Iowa  - 
28,  Michigan  - 13),  Gorgoderina  attenuata  (Wisconsin  - 
33),  G.  simplex  (Iowa  -  28),  Haematoloechus  longiplexus 
(Iowa  -  28),  H.  similiplexus  (Iowa  -  28,  Michigan  - 13),  H. 
sp.(lowa  -  28),  H.  varioplexus  (Wisconsin  -  33),  Halipegus 
eccentricus  (Wisconsin  -  33),  H.  sp.  (Iowa  -  28), 
Megalodiscus  temperatus  (Iowa  -  28,  Michigan  - 13, 
Wisconsin  -  31),  Ostiolum  complexus  ( Iowa  -  28),  O. 
medioplexus  (Iowa  -  28),  Pneumonoeces  medioplexus 
(Indiana  - 17,  Michigan  - 13, 17),  Renifer cysts  (Michigan  - 
22),  Diplostomula  metacercariae  (Iowa  -  28), 
Enchinostome  metacercariae  (Iowa  -  28),  Gorgoderids 
immature  (Iowa  -  28),  Plagiorchid  metacercariae  (Iowa  - 
28),  Telracotyle  metacercariae  (Iowa  -  28),  Unidentified 
metacercariae  (Iowa  -  28). 
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Cestoda:  Cylindrotaenia  americana  (Iowa  -  30),  C.  quadrijungosa 
(Michigan  -  21),  Mesocestoides  tetrathyridia  (Iowa  -  30, 
Wisconsin  -  33),  Nematotaenoides  ranae  (Iowa  -  29, 30), 
Ophiotaenia  saphena  (Iowa  -  30),  Proteocephalan 
plerocercoids  (Iowa  -  30). 

Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1 , 33), 

Oswaldocruzia  pipiens  (Wisconsin  -  33),  Rhabdias  ranae 
(Wisconsin  -  33). 

Rana  sylvatica 

Trematoda:  Brachycoelium  salamandrae  (Michigan  -  22), 

Haematoloechus  medioplexus  (Wisconsin  -  33),  H . 
varioplexus  (Michigan  -  22),  Rhabdias  ranae  (Wisconsin  - 
33),  Echinostome  cysts(Michigan  -  22),  Gorgoderid  cysts 
(Michigan  -  22). 

Order  Caudata  (Urodela) 

Ambystomatidae 

Ambystoma  laterale 

Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1),  Spirurid  cysts 
(Wisconsin  - 1). 

Ambystoma  maculation 

Trematoda:  Brachycoelium  salamandrae  (Illinois  - 19,  Wisconsin  - 1), 
Neodiplostomumsp.  metacercariae  (Illinois  - 19). 

Nematoda:  Capillaria  sp.  (Illinois  - 19),  Cosmocercoides  dukae 

(Illinois  - 19,  Wisconsin  - 1),  Rhabdias  sp.  (Illinois  - 19). 

Ambystoma  opacum 

Trematoda:  Brachycoelium  salamandrae  (Illinois  - 19), 
Neodiplostomumsp.  metacercariae. 

Nematoda:  Capillaria  sp.  (Illinois  - 18),  Cosmocercoides  dukae  (Illinois 
- 19),  Rhabdias  sp.  (Illinois  - 19). 

Ambystoma  talpoideum 

Trematoda:  Brachycoelium  salamandrae  (Illinois  - 19). 

Nematoda:  Capillaria  sp.  (Illinois  - 19),  Cosmocercoides  dukae 
(Illinois  - 19). 

Acanthocephala:  Acanthocephalus  sp.  (Illinois  - 19). 

Ambystoma  texanum 

Tremadota:  Brachycoelium  sp.  (Illinois  -  25),  Diplostomulum 

ambystomae  (Illinois  -  25),  Gorgoderina  bilobata  (Illinois  - 
19,  25),  Neodiplostomumsp.  metacercariae  (Illinois  - 19), 
Pseudopisthodiscus  sp.  (Illinois  - 19). 

Nematoda:  Cosmocercoides  dukae  (Illinois  - 19,  25),  Rhabdias  sp. 
(Illinois  - 19,  25). 

Ambystoma  tigrinum 

Trematoda:  Cephalogonimus  salamandrus  (Wisconsin  - 1), 
Phyllodistomum  americanum  (Wisconsin  - 1 , 27), 
Teleorchis  bonnerensis  (Iowa  -  28),  Metacercariae 
(Wisconsin  - 1). 
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Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1),  Spirurid  cysts 
(Wisconsin  - 1). 

Ambystoma  tremblayi 

Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1 ). 

Cryptobranchidae 

Cryptobranchus  alleganiensis 

Cestoda:  Ophiotaenia  cryptobranchi  (Missouri  -  9). 

Nematoda:  Falcaustra  variabilis  (Missouri  -  9). 

Acanthocephala:  Acanthocephalus  acutulus  (Missouri  -  9). 

Necturidae 

Necturus  maculosus 

Trematoda:  Sphyranura  osleri  (Wisconsin  - 1). 

Cestoda:  Proteocephalus  lonnbergii  (Wisconsin  - 1 ). 

Plethodontidae 

Desmognathus  fuscus 

Trematoda:  Brachycoelium  obesum  (Illinois  - 10),  Plyllodistomum 
solidum  (Illinois  -  7). 

Nematoda:  Cosmocercoides  dukae  (Illinois  - 10),  Thelandros 
magnavulvaris  (Illinois  - 1 0). 

Acanthocephala:  Juvenile  acanthocephalans  (Illinois  - 10). 

Eurycea  longicauda 

Trematoda:  Brachycoelium  salamandrae  (Illinois  - 19). 

Nematoda:  Oswaldocruzia  sp.  (Illinois  - 1 9). 

Eurycea  lucifuga 

Trematoda:  Brachycoelium  salamandra  (Illinois  - 19),  Brachycoelium 
sp.  (Illinois  -  8),  Gorgoderina  attenuata  (Illinois  - 19).,  G. 
bibbata  (Illinois  - 19),  G.  sp.  (Illinois  - 19), 

Neodiplostomum  sp.  (Illinois  - 19). 

Nematoda:  Capillaria  inequalis  (Kentucky  -11),  Cosmocercoides 
dukae  (Illinois  8, 19,  Kentucky  - 11),  Oswaldocruzia 
pipiens  Illinois  -11,  Kentucky  - 11),  O.  sp.  (Illinois  - 19), 
Oxysomatium sp.  (Illinois  -  8),  Rhabdias sp.  (Illinois  - 19). 
Hemidactylium  scutatum 

Trematoda:  Gorgoderina  bilobata  (Wisconsin  - 1),  Metacercariae 
(Wisconsin  - 1). 

Nematoda:  Cosmocercoides  dukae  (Wisconsin  - 1 ). 

Plethodon  cinereus 

Trematoda:  Brachycoelium  salamandrae  (Wisconsin  - 1). 

Nematoda:  Aplectana  sp.  (Illinois  - 19),  Cosmocercoides  dukae 

(Illinois  - 19,  Wisconsin  - 1).  Oxyuris  magnavulvaris  (Illinois 
- 19),  Rhabdias  ranae  (Wisconsin  - 1). 

Plethodon  dorsalis 

Trematoda:  Brachycoelium  sp.  (Illinois  -  8). 

Nematoda:  Cosmocercoides  dukae  (Illinois  -  8),  Physaloptera  sp. 
(Illinois  -8). 
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Plethodon  glutinosus 

Trematoda:  Brachycoelium  salamandrae  (Illinois  - 19),  B.  sp.  (Illinois  - 
8). 

Nematoda:  Cosmocercoides  dukae  (Illinois  - 19),  Oswaldocruzia  sp. 
(Illinois  - 19). 

Typhlotriton  spelaeus 

Trematoda:  Brachycoelium  salamandrae  (Missouri  -  6). 

Nematoda:  Capillaria  inequalis  (Missouri  -  6),  C.  sp.  (Missouri  -  6), 

Falcaustra  catesbeianae  (Missouri  -  6),  Oswaldocruzia  sp. 
(Missouri  -  6). 

Salamandridae 

Notophthalmus  viridescens 

Trematoda:  Brachycoelium  sp.  (Illinois  -  24),  Manodistomum  parvum 
(Illinois  - 19),  Megalodiscus  rankini  (Illinois  -  24),  Plagitura 
salamandra  (Illinois  -  24). 

Cestoda:  Bothriocephalus  varus  (Kentucky  -  3),  Proteocephalid 
cysts  (Illinois  - 19). 

Nematoda:  Capillaria  tenua  (Kentucky  -  3),  Cosmocercoides  dukae 
(Illinois  -  24),  Wisconsin  - 1). 

Sirenidae 

Siren  intermedia 

Trematoda:  Neodiplostomum  sp.  metacercariae  (Illinois  - 19). 
Cestoda:  Ophiotaenia  sp.  (Illinois  - 19). 

Nematoda:  Falcaustra  chabaudi  (Illinois  -  5). 

Acanthocephala:  Acanthocephalus  sp.  (Illinois  - 19),  Fessisentis 

fessus  (Illinois  -4,  23). 
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ABSTRACT 

Ochetosomatid  digeneans  removed  from  the  oral  cavity  of  Nerodia  cyclopion 
captured  in  Union  County,  Illinois  were  identified  as  Ochetosoma  aniarum.  This 
represents  the  first  report  of  this  parasite  in  snakes  from  Illinois. 

INTRODUCTION 

Few  references  are  available  on  the  helminths  of  snakes  in  Illinois  and  especially 
so  on  the  green  water  snake,  Nerodia  cyclopion  (Dumeril,  Bibron  and  Dumeril, 
1854).  In  conjunction  with  an  ecological  study  on  the  status,  distribution,  and 
habitat  of  N.  cyclopion  in  Illinois  conducted  during  the  summer  of  1989  under  the 
direction  of  Dr.  Ronald  A.  Brandon,  Department  of  Zoology,  Southern  Illinois 
University  at  Carbondale,  an  opportunity  became  available  to  examine  digeneans 
located  in  the  oral  cavity  of  these  animals. 

In  Illinois,  the  green  water  snake  (Nerodia  cyclopion)  is  known  only  from  the 
extreme  southwestern  counties  of  Union  and  Alexander  (Smith,  1961),  localities 
that  represent  the  northernmost  edge  of  the  species'  geographical  range.  For 
that  reason,  it  is  listed  as  a  threatened  species  in  Illinois  (Illinois  Endangered 
Species  Protection  Board,  1989).  From  southern  Illinois,  the  range  of  N. 
cyclopion  extends  southward  along  the  Mississippi  River  valley  encompassing 
the  extreme  southeastern  bootheel  of  Missouri,  extreme  southwestern 
Kentucky  (R.  Cicerello  and  J.  Mac  Gregor,  pers.  comm),  extreme  northwestern 
Tennessee,  eastern  to  south  central  Arkansas,  western  Mississippi  (T.  L. 
Vandeventer  and  R.  A.  Young,  pers.  comm.),  and  through  Louisiana  to  the 
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southeastern  coast  of  Texas.  From  Louisiana,  its  range  extends  eastward  along 
the  Gulf  Coast  through  the  bootheels  of  southern  Mississippi  (T.  L.  Vandeventer 
and  R.  A.  Young,  pers.  comm.)  and  Alabama  (Conant,  1975)  (Figure  1).  Nerodia 
cyclopion  was  once  recognized  as  consisting  of  two  subspecies,  N.  c.  cyclopion 
and  N.  c.  floridana.  Recently,  Lawson  (1987)  raised  the  more  eastern 
subspecies,  N.  c.  floridana ,  to  species  level  on  the  basis  of  his  electrophoretic 
analysis  of  the  genus. 


MATERIALS  AND  METHODS 

A  single  Nerodia  cyclopion  was  captured  in  Union  County,  southern  Illinois  on  14 
March,  1989.  The  oral  cavity  was  examined  within  a  few  hours  of  capture  for  the 
presence  of  parasites.  Six  digeneans  were  recovered  with  a  cotton  swab 
saturated  with  tap  water,  and  then  transferred  to  a  container  of  tap  water  where 
egg  release  was  observed.  After  all  or  most  of  the  eggs  were  released  from  the 
uterus,  each  digenean  was  transferred  to  a  slide,  and  a  crystal  of  urethane  added 
to  the  water  to  induce  relaxation.  A  coverslip  was  then  added  and  the  specimen 
was  fixed  in  AFA  (alcohol-formalin-acetic  acid),  stained  with  Harris'  hematoxylin, 
dehydrated,  cleared  in  beechwood  creosote  and  mounted  in  Canada  balsam. 
Voucher  specimens  have  been  deposited  in  the  United  States  National  Museum 
(USNM)  Helminthological  Collection,  U.S.  Department  of  Agriculture,  Beltsville, 
Maryland,  No.  80878.  The  green  water  snake  was  released  at  its  capture  site. 

RESULTS  AND  DISCUSSION 

Ochtosoma  aniarum  (Leidy,  1891)  Skrjabin  and  Antipin,  1957  was  first  described 
by  Leidy  (1891)  under  the  name  Distomum  aniarum.  Dubois  and  Mahon  (1959) 
listed  Renifer  acetabularis  Crow,  1913,  Renifer  natricis  MacCallum,  1921,  Renifer 
texanus  Harwood,  1932,  Renifer  orula  Talbot,  1934,  and  Renifer  wardi  Byrd, 
1936  as  synonyms  of  O.  aniarum  and  provided  a  key  for  the  differentiation  of  the 
various  species  of  Ochetosoma.  It  appears  that  Dubois  and  Mahon  (1959)  were 
unaware  of  the  publication  of  Skrjabin  and  Antipin  (1957)  whereby  R. 
acetabularis,  R.  texanus,  R.  orula,  and  R.  wardi  were  transferred  to  the  genus 
Ochetosoma.  According  to  the  key  given  by  Dubois  and  Mahon  (1959),  O. 
aniarum  may  be  differentiated  from  all  the  other  species  of  Ochetosoma 
according  to  the  position  of  the  genital  pore  which  is  even  with  the  oral  sucker 
and  the  distribution  of  the  vitellaria  which  are  divided  into  two  groups  of  follicles 
pre-  and  postacetabular).  We  concur  with  their  synonymy.  According  to  the 
description  and  figure  of  R.  orula  presented  by  Talbot  (1934),  the  follicular 
groups  are  not  separated.  However,  examination  of  the  type  specimen  U.S.  Nat. 
Mus.  Helm.  Coll.  No.  8626  reveals  that  Talbot's  description  is  inaccurate  as  the 
vitellaria  are  distributed  into  pre-  and  postacetabular  groups. 

In  a  study  of  the  differences  in  measurements  of  morphological  features  between 
live  and  fixed  specimens  of  Ochetosoma  aniarum  and  O.  ellipticum,  Dronen  and 
Guidry  (1977)  presented  data  suggesting  that  the  absolute  dimensions  of 
various  body  parts  are  inadequate  criteria  for  differentiating  species  of 
Ochetosoma.  This  may  be  due  to  the  fact  that  fixation  techniques  are  not 
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standardized  and  because  some  specimens  have  been  described  from  live 
material  and  other  from  fixed  material.  Our  identifications  were  based  on  the 
criteria  used  by  Brooks  (1979)  in  differentiating  specimens  of  Ochetosoma, 
namely:  the  vitelline  configuration,  the  sucker  ratio,  the  location  of  the  genital 
pore,  the  posterior  extent  of  the  cirrus  sac,  and  the  amount  of  glandulatiom  inside 
the  cirrus  sac. 

Ochetosoma  aniarum  has  been  reported  previously  by  Yamaguti  (1971)  from  the 
mouth,  esophagus  or  lungs  of  several  snake  hosts  including  Nerodia  sipedon  (as 
Natrix  sipedon)  Nerodia  fasciata  (as  Natrix  sipedon  fasciata),  Nerodia  fasciata 
confluens ,  Nerodia  rhombifer  { as  Natrix  rhombifera ),  Nerodia  cyclopion  (one 
record  as  Natrix  cyclopion),  Nerodia  erythrogaster  (one  record  as  Natrix 
erythrogaster),  Coluber  constrictor,  Heterodon  platirhinos  (as  Heterodon 
contortrix),  Agkistrodon  piscivorus  leucostoma,  Lampropeltis  getulus  floridana, 
and  L.  g.  holbroolq.  The  present  report  represent  the  first  finding  of  O.  aniarum  in 
the  mouth  of  a  snake  from  Illinois. 
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Figure  1 .  Known  geographic  range  of  N.  cyclopion  (modified  from  Conant,  1975). 
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ABSTRACT 

Of  eight  yellowtail  damselfish,  Microspathodon  chrysurus ,  (Cuvier  and 
Valenciennes,  1830),  collected  from  coastal  waters  of  southwestern  Puerto  Rico, 
two  from  the  vicinity  of  Enrique  Reef,  off  La  Parguera  were  infected  with  a 
haplosplanchnid  digenean  conspecific  with  Schikhobalotrema  pomacentri 
(Manter,  1937)  Skrjabin  and  Guschanskaja,  1955.  This  is  the  first  report  of  this 
parasite  in  the  northeastern  Caribbean.  This  report  and  previous  records 
suggest  that  S.  pomacentri  is  a  common  digenean  of  damselfishes  throughout 
the  greater  Caribbean  region. 


INTRODUCTION 

While  major  contributions  to  our  knowledge  of  the  digeneans  of  marine  fishes  of 
Puerto  Rico  stem  from  the  early  studies  of  Cable  (1 954a, b,1 956a, b),  LeZotte 
(1954),  Siddiqi  and  Cable(1960)  and  more  recently  Dyer  et  al.  (1985,1986),  our 
knowledge  of  these  parasites  in  pomacentrid  fish  from  this  region  is  sparce.  The 
present  report  is  concerned  with  a  digenean  found  in  the  yellowtail  damselfish, 
Microspathodon  chrysurus  (Cuvier  and  Valenciennes),  a  pomacentrid  fish  of 
shallow  water  occurring  either  in  coral  heads  with  extensive  caves,  or  in  areas  of 
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fire  coral,  Millepora  spp.,  staghorn  coral,  Acropora  cervicornis  (Lamarck),  and 
elkhorn  coral,  A.  palmata  (Larmarck)  from  near  the  surface  to  a  depth  of  7  to  10 
meters  and  with  a  geographic  distribution  encompassing  the  entire  greater 
Caribbean  region  including  the  Gulf  of  Mexico,  near  shore  (Emery,  1978). 

MATERIAL  AND  METHODS 

Eight  Microspathodon  chrysurus  were  taken  by  means  of  spearfishing  off  the 
coastal  waters  of  southwestern  Puerto  Rico  between  August  1974  and 
September  1989.  Fishes  were  placed  in  plastic  bags  containing  seawater  and 
held  in  styrofoam  containers  for  transport  to  the  laboratory  where  they  were 
refrigerated  and  usually  necropsied  immediately.  Digenetic  trematodes  were 
washed  in  0.7%  saline,  flattened  with  minimal  coverslip  pressure,  fixed  with  warm 
AFA,  and  stored  in  70%  ethanol.  Specimens  were  stained  with  Harris' 
hematoxylin  and  prepared  as  whole  mounts  in  Canada  balsam.  The  single 
specimen  of  Schikhobalotrema  pomacentri  has  been  deposited  in  the  National 
Parasite  Collection,  USDA,  Beltsville,  Maryland  and  assigned  accession  number 
81035. 


RESULTS  AND  DISCUSSION 

Of  8  Microspathodon  chrysurus  examined  from  coastal  water  of  southwestern 
Puerto  Rico,  2  from  the  vicinity  of  Enrique  Reef,  off  La  Parguera  was  infected  with 
a  total  of  5  haplosplanchnid  digenean  which  are  in  agreement  with  the 
description  of  Schikhobalotrema  pomacentri  as  given  by  Manter  (1937).  In  a 
subsequent  study,  Manter  (1947)  found  this  species  in  18  of  31  Pomacentrus 
leucostictus  Muller  and  Troschel  and  in  3  of  13  Pomacentrus  xanthurus  Poey 
from  Tortugas,  Florida.  Nahhas  and  Cable  (1964)  reported  Schikhobalotrema 
pomacentri  in  Pomacentrus  analis  and  Pomacentrus  leucostrictus  from  Curacao 
and  from  Pomacentrus  fuscus  Cuvier  and  Microspathodon  chrysurus  (Cuvier  and 
Valenciennes)  from  Curacao  and  Jamaica.  This  digenean  has  also  been  reported 
in  Pomacentrus  rectifraenum  Gill  from  the  Galapagos  Islands  (Yamaguti,  1971). 

The  only  report  of  digeneans  in  pomacentrid  fish  of  Puerto  Rico  has  been  that  of 
Dyer  et  al.  (1985)  in  which  Abudefduf  saxatilis  (Linnaeus)  was  infected  with 
Deretrema  fusillus  Linton,  1940  and  Chromis  multilineatus  (Guichenot)  with 
Lepocreadium  trulla  (Linton,  1907).  Pomacentrids  found  negative  for  digeneans 
included:  Abudefduf  taurus  (Muller  and  Troschel),  Chromis  cyaneus  (Poey), 
Chromis  insulatus  (Cuvier),  Pomacentrus  fuscus  Cuvier,  Pomacentrus 
leucostictus  Muller  and  Troschel,  Pomacentrus  mellis  Poey,  Pomacentrus 
partitus  Poey,  Pomacentrus  planifrons  Cuvier  and  Pomacentrus  variabiles 
(Castelnau). 

The  finding  of  Schikhobalotrema  pomacentri  in  Microspathodon  chrysurus  from 
Puerto  Rico  is  the  first  report  of  this  digenean  in  the  northeastern  Caribbean. 
This  report  and  previous  records  suggest  that  S.  pomacentri  is  a  common 
parasite  of  damselfishes  throughout  the  greater  Caribbean  region. 
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ABSTRACT 

The  Illinois  fauna  of  the  subfamily  Dacninae  (Coleoptera:  Erotylidae)  is  composed 
of  3  known  species:  Dacne  quadrimaculata  (Say);  Megalodacne  fasciata 
(Fabricius)  and  Megalodacne  heros  (Say).  One  other  species,  Microsternus  ulkei 
(Crotch),  is  not  recorded,  but  may  occur  in  the  state.  Keys  to  the  identification  of 
adults,  descriptions  of  species,  habitus  drawings  and  distribution  maps  are 
provided.  Fungal  host  relationships  of  each  species  are  reported  and  discussed. 

INTRODUCTION 

The  family  Erotylidae  includes  colorful  fungus  feeding  beetles  commonly  called 
"pleasing  fungus  beetles".  They  are  world  wide  in  distribution  with  over  1800 
described  species.  The  family  was  comprehensively  revised  for  North  America 
by  Boyle  in  1956.  Of  the  44  genera  reported  from  the  New  World  (Blackwelder 
1945;  Boyle  1956);  10  genera  and  49  species  are  known  north  of  Mexico  (Boyle 
1956,  1962;  Goodrich  &  Skelley  1991).  Within  the  subfamily  Dacninae  3  genera 
and  8  species  occur  nationally.  The  purpose  of  this  series  of  papers  is  to  provide 
a  complete  list  of  the  Erotylidae  occurring  in  Illinois,  keys  and  descriptions  of 
species  for  their  identification,  distribution  maps  of  their  occurrence  within  the 
state,  and  descriptions  of  their  biology  and  host  relationships. 
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The  family  Erotylidae  can  be  separated  from  other  beetles  by  their  convex 
elongate-oval  to  ovoid  shape,  3-4  segmented  antennal  club  which  is  often 
capitate,  5-5-5  tarsal  formula,  glabrous  body  surface,  closed  procoxal  cavities, 
well  developed  maxillary  palps  which  are  often  expanded  apically,  and  frequently 
bright  color  patterns.  A  number  of  other  families  are  confused  with  the 
Erotylidae,  but  are  distinguished  by  the  following  characteristics.  The 
Languriidae,  once  included  in  the  family  Erotylidae,  are  elongate,  and  have  open 
procoxal  cavities.  The  Endomychidae  are  distinctly  pubescent  and/or  have  a  pair 
of  longitudinal  grooves  at  the  base  of  the  pronotum.  Cryptophagidae  have 
dense  pubescence  and  open  procoxal  cavities.  Species  of  the  related  family 
Biphyllidae,  once  included  in  the  Erotylidae,  are  similarly  densely  pubescent,  and 
have  the  2nd  and  3rd  tarsomeres  lobed  beneath.  The  more  distantly  related 
Mycetophagidae  are  common  fungus  feeding  beetles  and  may  be  distinctly 
patterned  in  bright  colors,  but  are  densely  pubescent  and  usually  have  a 
reduced  tarsal  formula.  Some  fungus  feeding  Tenebrionidae  and  Melandryidae 
also  have  color  patterns  similar  to  the  Erotylidae,  but  have  a  tarsal  formula  of  5-5- 
4.  Most  often  confused  with  Erotylidae  are  some  of  the  Nitidulidae,  which  are 
also  shining,  convex  beetles  commonly  occurring  in  soft  fungi.  Among  other 
characteristics,  the  Nitidulidae  may  be  distinguished  by  their  transverse 
procoxae;  erotylid  procoxae  are  globular.  See  Arnett  (1963),  Borror,  Triplehorn  & 
Johnson  (1989)  and  Dillon  &  Dillon  (1961)  for  additional  family  characteristics. 

Some  generalizations  regarding  the  biology  of  the  Erotylidae  can  be  made.  They 
are  usually  fungus  feeders  of  certain  basidiomycetes,  with  adults  and  larvae 
sometimes  found  together.  Adults  are  most  active  during  the  season  their  fungal 
host  is  "fruiting".  Judging  activity  periods  from  museum  specimens  can  be 
misleading,  because  adults  may  be  collected  in  hiding  while  awaiting  the 
appropriate  season.  Collection  of  specimens  either  feeding  on  host  fungi  or  by 
malaise  trap  will  give  a  more  accurate  measure  of  adult  activity.  Larvae  are  found 
only  in  association  with  the  host  fungi  and,  with  care,  may  be  successfully  reared. 
Hosts  may  be  mushrooms,  bracket  fungi,  or  soft,  hyphae  filled  bark.  Some  larvae 
have  a  short  development  time,  which  is  probably  due  to  the  short  time  the 
fungus  stays  fresh.  In  contrast,  adults  of  many  species  are  long  lived.  The 
erotylids  of  the  eastern  and  central  United  States  appear  to  be  associated  with 
the  fungi  of  deciduous  trees  and  are  generally  restricted  to  moist,  woodland 
areas.  Soft  fungi  growing  on  logs,  stumps,  or  from  mycorrhizal  associations  are 
favored  by  erotylids. 

Adult  beetles  are  often  gregarious,  whether  on  the  host  fungus  or  in  hiding.  We 
have  frequently  found  large  masses  of  an  appropriate  host  fungus  and 
discovered  the  erotylids  concentrated  in  one  or  a  few  basidiocarps.  Gregarious 
habits  are  also  observed  away  from  the  host.  Large  numbers  of  Megalodacne 
spp.  can  be  found  overwintering  under  bark  in  the  northern  states,  or  in  hiding 
between  feeding  periods  (Park  &  Sejba  1935).  The  primary  adaptive  value  of 
these  aggregations  may  be  as  an  aid  in  reproduction;  copulating  pairs  are  quite 
frequently  found  among  such  groups.  A  number  of  other  hypotheses  related  to 
individual  survival  may  explain  these  behaviors.  Aggregations  of  beetles  may: 
reduce  water  loss  in  dry  conditions;  provide  a  better  defense  against  predators; 


157 


or  the  beetles  may  simply  be  seeking  a  particularly  suitable  microhabitat.  The 
proximate  mechanism  of  aggregation  is  also  not  clear.  Erotylids  have  excellent 
chemoreceptors  and  patches  of  large  punctures  and  pores  in  the  integument,  so 
pheromones  may  elicit  the  response.  Many  erotylids  possess  stridulatory  files  on 
the  posterior  vertex  of  the  head  (Arrow  1924;  Boyle  1956).  Among  the  North 
American  Erotylidae,  Boyle  found  stridulatory  files:  present  in  both  sexes;  absent 
in  both  sexes;  or  present  only  in  males.  When  present,  they  may  be  important  in 
species  recognition  for  aggregation  of  individuals  or  for  courtship.  Among  Illinois 
Dacninae,  stridulatory  files  are  either  present  only  in  males,  or  are  absent  in  both 
sexes. 

A  variety  of  other  animals  are  found  in  association  with  erotylids.  Mites  are 
frequently  collected  clinging  to  adults  taken  in  the  field.  During  rearing,  adult 
beetles  often  emerge  covered  with  mites.  Many  of  the  mites  collected  belong  to 
the  genus  Proctolaelaps  (Acari:  Ascidae).  These  mites  are  predatory  on 
nematodes,  insect  larvae  and  other  arthropods  inhabiting  fungi.  It  is  believed 
they  are  phoretic  on  the  erotylids.  Potter  &  Johnson  (1976)  described 
Canestriniphis  megalodacne  (Eviphididae:  Acari),  from  the  erotylid  Megalodacne 
heros.  These  mites  are  also  predaceous  in  habit  rather  than  parasitic  and  occur  in 
transitory  habitats  such  as  dung,  compost,  or  fungi.  They  are  known  to  use 
various  larger  arthropods,  developing  in  the  same  habitat,  for  dispersal.  We  have 
also  found  large  numbers  of  uropodine  mites,  which  are  probably  fungivorus  in 
habit,  securely  fastened  to  museum  specimens  of  Megalodacne  fasciata  and  to 
reared  specimens  of  Triplax  frontalis.  An  enormous  amount  of  work  remains  to 
be  done  on  beetle-mite  associations,  but  the  mites,  while  not  parasitic,  would 
appear  to  be  the  primary  beneficiaries  of  the  relationship. 

Erotylids  are  known  to  have  hymenopterous  parasites  (Elliot  &  Morley  1907; 
Tachikawa  1980).  During  an  attempted  rearing  of  a  Tritoma  sp.,  adult 
Tetrastichus  sp.  (Hymenoptera:  Eulophidae)  emerged. 

The  Erotylidae  of  North  America  are  widely  distributed  over  the  continent  and 
they  are  generally  restricted  to  moist  woodland  areas.  No  specimens  have  been 
seen  from  the  Florida  Keys,  northern  Canada,  the  Great  Plains,  or  in  deserts 
where  their  host  fungi  and  trees  will  not  grow.  A  dividing  line,  which  seems  to  be 
the  western  limit  for  many  eastern  species,  is  the  100th  Meridian.  This  line  cuts 
the  United  States  in  half  through  the  prairie  states.  Some  eastern  species  are 
found  further  west  where  river  valleys  with  forests  are  present.  In  Illinois, 
Erotylidae  occur  wherever  hardwood  forests  persist,  sometimes  being  found  in 
urban  settings. 


MATERIALS  AND  METHODS 

In  addition  to  extensive  collecting  by  the  authors,  specimens  of  the  subfamily 
Dacninae  were  borrowed  for  study  from  21  museums  or  private  collections.  A 
total  of  2,967  specimens  of  Dacninae  were  examined  and  identified;  493  of 
these  were  from  Illinois.  In  our  study  of  the  Dacninae  we  followed  the  taxonomic 
treatment  of  Boyle  (1956).  The  range  of  each  species  was  based  on  specimens 
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actually  seen  and  identified  by  the  authors  and  the  detailed  records  of  Boyle 
(1956). 

Erotylids  were  collected  in  crevices  under  bark  or  in  other  retreats,  in  a  wide 
variety  of  woodland  fungi  and  in  insect  traps  (malaise,  U-V  light,  and  pitfall).  This 
provided  information  on  host  relationships  as  well  as  data  on  distribution  and 
seasonal  activity.  Larvae  collected  in  the  field  were  reared  in  the  laboratory  by 
placing  the  fungal  host  with  larvae  in  a  well  ventilated,  moist  container  and 
allowing  them  to  complete  their  development. 

RESULTS 

Three  species  of  Dacninae  were  found  to  be  widely  distributed  in  Illinois.  They 
are:  Dacne  quadrimaculata  (Say),  Megalodacne  fasciata  (Fabricius)  and 
Megalodacne  heros  (Say).  A  fourth  species,  Microsternus  ulkei  (Crotch)  has 
been  collected  in  Indiana  and  Kentucky  and  may  occur  in  southern  and  eastern 
Illinois. 


KEY  TO  ILLINOIS  SUBFAMILIES  OF  EROTYLIDAE 

Fourth  tarsomere  scarcely  reduced,  subequal  in  length  to  the  third  (Fig.  1); 
terminal  segments  of  the  maxillary  palpi  cylindrical  (Fig.  3) . Dacninae 

Fourth  tarsomere  strongly  reduced,  smaller  than  the  bilobed  third  (Fig.  2); 
terminal  segment  of  the  maxillary  palpi  transverse  or  triangular  (Fig.  4)  ... 
.  Triplacinae 

Among  the  North  American  Erotylidae,  the  Dacninae  are  considered  more 
primitive  than  the  Triplacinae.  This  is  evident  from  the  more  generalized  5-5-5 
tarsal  formula,  compared  to  the  more  derived  pseudotetramerous  structure  of  the 
Triplacinae,  and  from  the  cylindrical,  unspecialized  terminal  segments  of  the 
maxillary  palpi,  compared  to  the  highly  specialized  structure  of  the  Triplacinae,  in 
which  the  terminal  segment  is  expanded. 

We  also  find  host  associations  to  be  less  specific  in  the  Dacninae  than  in  the 
Triplacinae.  The  usual  hosts  of  the  Dacninae  are  polypores,  which  we  have 
speculated  is  ancestral  in  Erotylidae  (Skelley,  Goodrich  &  Leschen  1991). 

The  Dacninae  include  the  largest  (Megalodacne  heros)  and  smallest  (Dacne 
quadrimaculata)  species  of  Erotylidae  in  North  America. 
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KEY  TO  ILLINOIS  SPECIES  OF  DACNINAE 

1 .  Small,  6  mm  or  less  in  length . 2 

Large,  9  mm  or  more  in  length . Megalodacne  3 

2.  Elytra  piceous  to  black  with  2  reddish  yellow  spots  on  each  elytron  (Fig.  5);  2.4- 

3.5  mm  long . Dacne  quadrimaculata 

Elytra  red  with  four  black  spots  on  each  elytron  (Fig.  11);  3.8-4.9  mm  long 
.  Microsternus  ulkei  * 

3.  Pronotum  transverse,  its  lateral  margins  broad;  orange  of  subbasal  elytral  fascia 

reaching  only  the  outer  half  of  each  elytral  base  (Fig.  7);  9.8-15.5  mm  long 

. Megalodacne  fasciata 

Pronotum  subquadrate,  its  lateral  margins  narrow;  orange  of  subbasal  elytral 

fascia  reaching  most  of  the  elytral  base  (Fig.  9);  14.0-22.0  mm  long . 

.  Megalodacne  heros 


*  Not  yet  recorded  for  Illinois,  but  may  occur  in  the  state. 

DESCRIPTION  OF  THE  SPECIES 
Dacne  quadrimaculata  (Say) 

Diagnostic  description.  Dacne  quadrimaculata  is  the  smallest  of  the  Illinois 
Dacninae,  ranging  from  2.39  to  3.52  mm  long.  Their  antennae  are  capitate,  with 
the  apical  club  nearly  circular.  Specimens  range  from  piceous  to  black  in  color, 
with  the  elytra  bearing  four  orange-red  spots,  one  at  the  base  and  one  at  the 
apex  of  each  elytron  (Fig.  5). 

Range.  Northeastern  and  central  North  America,  from  North  Carolina  north  to 
Maine  and  Quebec,  westward  to  the  100th  meridian,  reaching  Alabama  and 
Texas  to  the  south  and  Manitoba  to  the  north.  Boyle  (1956)  had  only  two  records 
from  Illinois,  but  we  have  specimens  from  5  additional  locations  in  the  state  (Fig. 
6). 

Biology.  We  have  records  of  this  beetle  from  a  diversity  of  fungi,  predominantly 
polypores.  If  we  set  aside  records  of  single  specimens,  however,  our  host  data 
falls  into  two  categories:  1 1  separate  collections  totalling  93  specimens  from 
Polyporus  squamosus,  a  fleshy  polypore  that  grows  on  the  wounds  of  living 
trees  or  on  fallen  trees;  and  8  collections  comprising  101  specimens  from 
Pleurotus  spp.,  a  group  of  wood  rotting  fungi  also  associated  with  fallen 
hardwoods.  Although  Pleurotus  has  been  placed  with  the  "gill  fungi"  in  the  past, 
many  mycologists  believe  that  this  genus  is  derived  from  polypores  and 
therefore  allied  with  them  (Donk  1964;  Singer  1986).  Other  workers  (Ashe 
1990)  have  found  Coleoptera  that  usually  are  associated  with  polypores 
inhabiting  species  of  Pleurotus.  In  addition  to  the  collection  of  adults  from  this 
host,  we  have  successfully  reared  Dacne  quadrimaculata  from  Pleurotus 
ostreatus.  For  a  complete  list  of  hosts,  see  our  comprehensive  treatment  of  the 
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hosts  of  North  American  Erotylidae  (Skelley,  Goodrich  &  Leschen  1991).  Adult 
specimens  have  been  collected  in  Illinois  between  6  May  and  10  September. 
The  larvae  are  undescribed. 

Remarks.  This  species  is  probably  more  widely  distributed  in  Illinois  than  our 
distribution  map  would  suggest.  It  is  an  easily  overlooked  beetle  due  to  its  small 
size,  and  one  which  might  be  mistaken  for  a  nitidulid.  Careful  examination  of  the 
host  fungi  described  above  should  produce  a  substantial  number  of  additional 
records. 

Specimens  examined.  We  have  examined  a  total  of  656  specimens,  including 
57  specimens  from  Illinois. 

Megalodacne  fasciata  (Fabricius) 

Diagnostic  description.  This  species  and  the  one  that  follows  are  the  only  two 
members  of  the  genus  Megalodacne  to  be  found  in  North  America.  The  genus 
comprises  some  61  spp.  of  world  wide  distribution,  the  great  majority  of  which  are 
in  the  Old  World.  The  two  North  American  species  are  easily  separated  from  all 
other  North  American  erotylids  by  their  large  size  (approximately  10-23  mm  in 
length)  and  the  black  elytra  with  striking  orange  fasciae.  Megalodacne  fasciata  is 
separated  from  M.  heros  by  its  broadly  margined,  somewhat  transverse 
pronotum.  The  orange  elytral  fasciae  are  also  shaped  somewhat  differently, 
reaching  only  the  outer  half  of  the  elytral  bases  (Fig.  7).  In  size,  it  is  significantly 
smaller,  ranging  from  9.8-15.5  mm  long. 

Range.  Eastern  and  central  North  America,  being  generally  distributed  east  of 
the  100th  Meridian.  Ranging  in  the  north  from  Connecticut,  New  York  and 
Ontario  westward  to  Minnesota,  Iowa  and  southeastern  Nebraska,  and  in  the 
south  from  Florida  westward  to  Texas.  Gorham  (1888)  reports  it  as  far  south  as 
Cordova,  Vera  Cruz,  Mexico.  Records  from  Colorado  and  western  Nebraska  are 
old  and  questionable,  but  a  published  record  from  northern  California  (Kitayama 
1986)  probably  represents  a  recently  introduced  population.  We  have  examined 
6  of  the  specimens  collected  by  Kitayama  and  they  are  certainly  Megalodacne 
fasciata.  Megalodacne  fasciata  is  widely  distributed  in  Illinois,  with  specimens 
being  found  in  all  parts  of  the  state  (Fig.  8). 

Biology.  Although  we  have  a  large  number  of  collection  records  of  this  species, 
biological  data  is  limited.  It  has  been  collected  in  association  with  polyporous 
bracket  fungi  on  logs  and  stumps.  Our  most  frequent  records  (Skelley,  Goodrich 
&  Leschen  1991)  are  from  Ganoderma  spp.,  most  frequently  G.  lucidum,  with  a 
few  scattered  records  from  other  polypores.  Adults  are  often  taken  under  bark, 
where  they  may  be  hibernating,  aestivating  during  a  hot,  dry  period,  or  simply 
taking  refuge  during  the  day.  Specimens  are  often  taken  at  light,  which  suggests 
nocturnal  habits  similar  to  those  described  for  M.  heros  by  Park  &  Sejba  (1935). 
Adult  specimens  have  been  taken  in  Illinois  between  1  March  and  28  October. 
The  larvae  and  their  habits  have  been  described  by  Beutenmuller  (1890),  Boving 
and  Craighead  (1930-1931),  and  Skelley  (1988). 


16? 


Remarks  This  is  the  most  commonly  collected  member  of  the  subfamily,  perhaps 
due  in  part  to  its  large  size  and  conspicuous  markings.  Additional  host  data 
would  be  welcome,  to  clarify  our  understanding  of  its  host  relationships. 

Specimens  examined.  We  have  examined  a  total  of  1,631  specimens,  of  which 
384  were  from  Illinois. 

Megalodacne  heros  (Say) 

Diagnostic  description.  Shiny  black  above,  with  strongly  contrasting  orange 
markings  on  the  elytra,  as  in  the  preceding  species.  It  is  distinguished  from  M. 
fasciata  by  the  narrower  margins  and  subquadrate  shape  of  the  pronotum,  and  in 
the  shape  of  the  anterior  orange  elytral  fasciae,  which  reach  the  elytral  bases  over 
3/4  of  their  width  (Fig.  9).  This  is  the  largest  of  the  North  American  Erotylidae, 
ranging  from  14.0-22.0  mm  long.  Thus,  the  smallest  M.  heros  is  only  slightly 
smaller  than  the  largest  M.  fasciata. 

Range.  Eastern  and  central  North  America,  ranging  from  Florida  to  Connecticut, 
New  York,  Quebec  and  Ontario,  west  to  Minnesota,  Illinois,  Oklahoma  and  Texas. 
One  specimen  in  the  California  Academy  of  Science  Collection  was  taken  in 
Estes  Park,  Colorado,  and  a  specimen  in  the  Ulke  Collection  (Carnegie  Museum) 
is  labelled  "Cala."  Megalodacne  heros  has  a  wide  but  scattered  distribution  in 
Illinois,  reflecting  the  fact  that  this  species  is  less  common  than  the  preceding  in 
our  state  (Fig.  10). 

Biology.  Host  preferences  are  similar  to  those  reported  for  M.  fasciata.  The 
majority  of  specimens  have  been  collected  from  Ganoderma  spp.,  with 
Ganoderma  tsugaethe  most  frequently  recorded  host.  As  with  M.  fasciata ,  many 
specimens  are  taken  in  shelter  niches  under  bark  and  not  in  association  with 
fungi.  This  is  due  to  their  largely  nocturnal  feeding  habits,  which  have  been 
described  in  some  detail  by  Park  &  Sejba  (1935).  Like  other  erotylids,  this 
species  tends  to  be  gregarious,  but  not  to  the  extent  seen  in  fasciata.  Blatchley 
(1910)  says  of  this  beetle  "Much  less  common  than  fasciata  and  seldom  more 
than  two  or  three  found  together".  In  contrast,  Smyth  (1934)  collected  58 
specimens  within  a  small  space  on  polyporous  fungi  on  the  underside  of  a 
decaying  log,  and  we  have  taken  a  dozen  or  more  together  on  several  occasions. 
In  Illinois,  however,  the  longest  series  collected  has  been  6  specimens.  Adult 
specimens  have  been  taken  in  Illinois  between  1  March  and  13  October.  For  a 
description  of  the  larvae  see  Skelley  (1988). 

Remarks.  Additional  host  information  for  this  large,  conspicuous  species  would 
be  welcome,  as  well  as  further  distributional  and  seasonal  data. 

Specimens  examined.  We  have  examined  a  total  of  589  specimens,  of  which  52 
were  from  Illinois. 
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Microsternus  ulkei  (Crotch) 

Diagnostic  description.  A  very  distinctive  species,  with  the  mesosternum  very 
short  and  transverse;  its  intercostal  width  10  times  its  length.  The  antennal  clubs 
are  symmetrically  oval.  This  beetle  is  distinctively  marked  with  a  piceous  ground 
color  and  brownish  red  elytra;  each  elytron  bearing  four  piceous  spots  (Fig.  11). 
Its  length  ranges  from  3.86-4.90  mm. 

Range.  Boyle  (1956)  examined  specimens  from  Kentucky,  Ohio,  Pennsylvania, 
Maryland  and  North  Carolina.  In  addition  to  these  states  we  have  seen 
specimens  from  West  Virginia  and  Indiana.  Blatchley  (1910)  reported  this 
species  from  Posey  and  Crawford  counties  in  Indiana.  We  have  seen  2 
specimens  from  the  Morgan-Monroe  Forest  near  Bloomington,  Indiana,  about  60 
miles  east  of  the  Illinois  border.  Although  not  yet  reported  from  Illinois,  we 
believe  it  is  likely  to  occur  in  the  southern  and  eastern  part  of  our  state. 

Biology.  Biological  data  for  this  species  is  meagre.  We  have  2  records  from 
Phellinus  gilvus  and  one  record  from  Polyporus  cuticularis  (Blatchley  1910). 
Dury  (1878)  described  the  host  of  Microsternus  ulkei  as  Polypora  (not  a  very 
specific  identification  in  1878,  as  it  could  apply  to  a  wide  range  of  polypores).  He 
also  gave  an  interesting  account  of  ants  preying  on  larvae  and  newly  emerged 
adults.  Michael  C.  Thomas  (personal  communication)  reports  taking  M.  ulkei 
under  bark  of  an  old  beech  stump.  Adult  specimens  have  been  taken  in  the 
northeastern  United  States  between  6  April  and  4  September.  The  larva  is 
illustrated  in  Lawrence  (1991). 

Remarks.  This  remarkable  species  is  the  only  Midwestern  erotylid  with  red  elytra 
bearing  black  spots.  It  is  the  only  known  American  member  of  a  genus  including 
15  spp.  of  Asiatic  distribution  (Chuj6  &  Chuj6  1989).  Specimens  are  relatively 
rare  in  collections  and  few  have  been  taken  in  recent  years.  Perhaps,  when  more 
is  known  about  their  life  history  and  host  preferences,  more  specimens  will  be 
collected. 

Specimens  examined.  We  have  examined  a  total  of  91  specimens,  55  of  which 
are  from  Kentucky,  but  none  from  Illinois. 

This  is  the  first  in  a  series  of  3  papers  covering  the  Erotylidae  of  Illinois.  We  would 
be  pleased  to  examine  and  identify  any  New  World  members  of  the  family  to  add 
to  our  seasonal  and  distributional  data. 
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Figures  1  &  2.  Right  metatarsus  of  adult.  (Line  =1 .00  mm.) 

Dacninae  -  Megalodacne  fasciata  (Fig.1) 
Tripacinae  -  Ischyrus  quadripunctatus  (Fig.  2) 
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Figures  3  &  4.  Left  maxillary  palp  of  adult.  (Line  =  0.25  mm.) 

Dacninae  -  Megalodacne  fasciata  (Fig.  3) 
Tripacinae  -  Ischyrus  quadripunctatus  (Fig.  4) 
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Figure  5.  Dorsal  habitus  of  Dacne  quadrimaculata  (Say). 
(Line  =  1 .0  mm.) 
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Figure  6.  Distribution  in  Illinois  of  Dacne  quadrimaculata  (Say). 
•  =  Locality  of  specimens  seen  by  the  authors. 

O  =  Localities  reported  by  Boyle  (1956). 
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Figure  7.  Dorsal  habitus  of  Megabdacne  fasciata  (Fabricius). 
(Line  =  6.0  mm.) 


169 


Figure  8.  Distribution  in  Illinois  of  Megalodacne  fasciata  (Fab.). 
•  =  Locality  of  specimens  seen  by  the  authors. 

O  =  Localities  reported  by  Boyle  (1956). 
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Figure  9.  Dorsal  habitus  of  Megalodacne  heros  (Say). 
(Line  =  8.0  mm.) 
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Figure  1 0.  Distribution  in  Illinois  of  Megalodacne  heros  (Say). 

•  =  Locality  of  specimens  seen  by  the  authors. 
O  =  Localities  reported  by  Boyle  (1956). 
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Figure  1 1 .  Dorsal  habitus  of  Microsternus  ulkei  (Crotch). 
(Line  =  2.0  mm.) 
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Discovery  of  the  Threespine  Stickleback 
( Gasterosteus  aculeatus)  (Pisces: 
Gasterosteidae)  in  the  Lake  Michigan 

Drainage,  Illinois 


Carol  E.  Johnston 
Center  for  Biodiversity 
Illinois  Natural  History  Survey 
Champaign,  Illinois  61820 


The  threespine  stickleback  (Gasterosteus  aculeatus)  occurs  throughout  much  of 
the  Northern  Hemisphere  in  marine  and  fresh  waters.  In  North  America  its  range 
includes  the  Pacific  coast  from  Baja  California  north  to  the  Aleutian  Islands  and 
the  Atlantic  coast  from  Chesapeake  Bay  north  to  Hudson  Bay  and  Baffin  Island 
(Burgess  and  Lee,  1980).  Historically,  the  species  was  restricted  in  the  Great 
Lakes  drainage  to  waters  below  Niagara  Falls.  It  recently  was  collected  in  Lake 
Huron  and  the  Straits  of  Mackinac  and  since  gaining  access  to  the  upper  Great 
Lakes  appears  to  be  rapidly  expanding  its  range  (Smith,  1985).  The  threespine 
stickleback,  previously  unknown  from  Illinois,  recently  was  collected  from  four 
localities  in  the  Lake  Michigan  drainage. 

Records  of  Gasterosteus  aculeatus  deposited  in  the  Illinois  Natural  History 
Survey  Fish  Collection  (INHS)  from  the  Lake  Michigan  drainage,  Illinois  include: 


INHS  6421 1  (4)  Trident  Harbor  (Lake  Michigan  Dr.) 

Lake  County,  Illinois,  T46N,  R12E,  sec.  2;  6  July  1988 
P.  Vidal  and  T.  Trudeau 


INHS  64481  (1)  Chicago  Sanitary  and  Ship  Canal  (Lake  Michigan  Dr.), 

CiceroAvenue,  Chicago 

Cook  County,  Illinois,  T37N,  R13E,  sec.  3;  19  April  1988 
S.  Dennison 

INHS  64482  (1)  North  Shore  Channel  (Lake  Michigan  Dr.),  Sheridan  Avenue, 

Wilmette 

Cook  County,  Illinois,  T42N,  R13E,  sec.  35;  7  July  1988 
S.  Dennison 
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INHS  59309  (1)  Calumet  River  (Lake  Michigan  Dr.),  130th  Street,  Chicago 

Cook  County,  Illinois,  T37N,  R14E,  sec.  36;  21  July  1989 
S.  Dennison 


The  threespine  stickleback  has  also  been  collected  from  the  following  four 
localities  in  the  southern  Lake  Michigan  drainage,  Michigan  and  Wisconsin; 


UWZM  8269  (1 )  Lake  Michigan  (Great  Lakes  Dr.)  1 0  km  from  Grand  Haven 

Ottawa  Co.,  Michigan;  25  April  1983 
R.  Nash,  A.  Geffan  and  C.  Lie 


UWZM  9093  (1)  Milwaukee  Harbor  (Lake  Michigan  Dr.)  Juneau  Park 

Milwaukee  Co.,  Wisconsin,  T7N,  R22E,  sec.  21 ;  9  July  1986 
T.  Trapp 

UWZM  9094  (1)  Milwaukee  Harbor  (Lake  Michigan  Dr.)  Juneau  Park 

Milwaukee  Co.,  Wisconsin,  T7N,  R22E,  sec.  21 ;  15  July  1986 
T.  Trapp 


UWZM  9727  (1)  trib.,  Lake  Michigan  (Great  Lakes  Dr.) 

Kewaunee  Co.,  Wisconsin,  T22N,  R24E,  sec.  25;  10  May 
1989 

J.  Lyons,  P.  Cochran  and  field  crew 


These  records  suggest  that  populations  of  Gasterosteus  aculeatus  in  Lake 
Michigan,  including  those  in  Illinois,  have  been  established  as  the  result  of  a 
natural  range  expansion  from  other  portions  of  the  Great  Lakes. 
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ABSTRACT 

A  subset  of  the  terrestrial  small  mammal  fauna  of  northwestern  Illinois  was 
sampled  with  pitfall  traps  from  October  through  December  1984.  A  total  of  7808 
trapnights  (182  traps  at  ten  sites)  resulted  in  the  capture  of  132  specimens  of  five 
species.  The  near  ubiquity  of  these  species  across  significantly  different 
habitats,  and  the  complete  absence  of  more  boreal  species  which  might  be 
expected  to  associate  with  the  Driftless  Area,  underscores  the  importance  of 
local  ecological  processes  in  determining  faunal  composition  in  this  portion  of  the 
Midwest,  and  the  lesser  importance  of  historical  factors.  The  absence  of  Sorex 
haydeni  east  of  the  Mississippi  River  agrees  with  recent  reports  demonstrating 
that  this  species  does  not  reach  eastern  Iowa. 

INTRODUCTION 

The  present  terrestrial  small  mammal  fauna  of  Illinois  generally  reflects  current 
patterns  of  land  use.  Regional  (beta)  diversity  often  is  moderate  to  high  (10  to  35 
species),  whereas  point  (alpha)  diversity  generally  is  much  lower  (personal 
observation).  This  reflects  the  fact  that  over  99%  of  the  state  has  been  grazed, 
cultivated,  or  otherwise  altered  from  its  pristine  condition  (Illinois  Nature 
Preserves  Commission  1983).  In  north-central  Illinois  a  typical  line  of  live-  or  kill- 
traps  will  yield  some  combination  of  Sorex  cinereus,  Blarina  brevicauda, 
Peromyscus  maniculatus ,  P.  leucopus,  and  Microtus  permsylvanicus 
(unpublished  data).  Yet  over  20  species  of  small  terrestrial  mammals  (including 
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Insectivora  and  Rodentia)  are  known  to  occur  in  the  northwest  portion  of  the 
state  (Hoffmeister  1989;  Table  1).  Most  of  these  are  shared  with  adjacent 
portions  of  Iowa,  Minnesota,  and  Wisconsin,  although  the  Mississippi  River  forms 
a  subspecific  boundary  for  many  species  (Table  1). 

The  Wisconsin  Driftless  Area  reaches  its  southern  extent  in  northwest  Illinois. 
This  is  a  region  of  rugged  terrain  in  southwestern  Wisconsin  and  adjacent  parts  of 
Illinois,  Iowa,  and  Minnesota  which  escaped  Pleistocene  glaciation  (Trowbridge, 
1921),  and  contains  some  of  the  most  maturely  developed  land  surface  in  Illinois 
(Illinois  Nature  Preserves  Commission,  1983),  as  well  as  retaining  floristic 
elements  with  more  northerly  affinities  (Jones,  1963).  The  other  main  natural 
division  found  in  northwest  Illinois  is  the  Rock  River  Hill  Country,  located  east  and 
southeast  of  the  Driftless  Area  (Illinois  Nature  Preserves  Commission,  1983). 

Six  species  of  long-tailed  shrews  (Sorex,  including  Microsorex),  and  two  species 
of  short-tailed  shrew  (Blarina),  are  known  to  occur  within  roughly  100-150  km  of 
the  Illinois  portion  of  the  Driftless  Area  (Jackson,  1961 ;  Bowles,  1975;  George  et 
al.,  1982;  Hazard,  1982;  Jones  and  Birney,  1988;  Hoffmeister,  1989;  Table  1). 
Additionally  Scalopus  aquaticus  machrinus,  Condylura  cristata  cristata,  and 
Cryptotis  parva  parva  are  known  or  suspected  to  occur  in  northern  Illinois  and 
southern  Wisconsin.  These  latter  three  genera  are  all  monotypic  in  northern 
Illinois  (Hoffmeister,  1989). 

Precise  distributional  information  for  these  species  is  lacking  because  of  the 
absence  of  sampling  with  appropriate  methods.  Pitfall  traps  have  been 
demonstrated  to  be  superior  to  snap-traps  for  securing  non-visually  orienting 
species,  such  as  moles  (Talpidae),  shrews  (Soricidae),  and  long-tailed  voles 
{Microtus)( French,  1980;  Williams  and  Braun,  1983;  Bury  and  Corn,  1984; 
Dowler  et  al.,  1984).  Recent  studies  using  such  traps  have  demonstrated 
shrews  (especially  Sorex)  to  be  more  widely  distributed  and  abundant  than 
previously  believed  (Wrigley  et  al.,  1979;  French,  1980;  Rose,  1980,  1981; 
Caldwell  et  al.,  1982;  Rose  and  Seegart,  1982;  Williams,  1984).  Whether 
additional  soricines  are  absent  from  northern  Illinois  or  have  remained  unnoticed 
due  to  inappropriate  trapping  methodology  is  not  clear.  In  view  of  the  results  with 
pitfall  trapping  elsewhere  it  is  tempting  to  speculate  that  the  latter  may  be  true. 
The  geological  history  and  contemporary  flora  of  the  Driftless  Area  especially 
suggests  that  such  speculation  is  reasonable.  Because  small  mammal 
distributions  often  are  influenced  strongly  by  microhabitat  and  local  climate,  it  is 
feasible  that  more  northern  species  (e.g.  Sorex  arcticus ,  S.  haydeni,  S.  palustris) 
may  extend  into  northwest  Illinois  by  way  of  the  Driftless  Area. 

Although  Sorex  cinereus  cinereus  and  S.  haydeni  have  until  recently  been 
considered  synonymous  (Junge  and  Hoffmann,  1981),  these  species  have 
been  shown  to  be  morphologically  distinct  based  upon  canonical  analysis  (van 
Zyll  de  Jong,  1980;  van  Zyll  de  Jong  and  Kirkland,  1989).  Although  S.  haydeni 
has  until  recently  been  considered  to  occur  throughout  Iowa  and  Nebraska 
(Bowles,  1975;  Hall,  1981)  a  recent  morphometric  analysis  of  the  S.  cinereus 
group  (van  Zyll  de  Jong  and  Kirkland,  1989)  found  the  eastern  extreme  of  S. 
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haydeni  to  occur  in  east-central  Iowa.  An  intriguing  zone  of  intergradation 
between  S.  haydeni  and  S.  cinereus  was  found,  however,  across  a  parallel 
through  northern  Iowa  and  southern  Wisconsin,  and  extending  east  and  south  of 
Lake  Michigan  through  much  of  Michigan  and  eastern  Ohio.  The  similarity  of 
these  species  makes  identification  difficult  in  the  field,  and  the  actual  status  of 
shrews  from  the  northwest  corner  of  Illinois  has  not  been  addressed.  They  are 
readily  distinguished  from  cleaned  skeletal  materials  however,  using 
characteristics  of  the  unicuspid  teeth,  and  relative  position  of  the  infraorbital  and 
lacrimal  foramina  (van  Zyll  de  Jong,  1980). 

Because  of  the  interest  in  the  Driftless  Area  and  especially  in  characterizing  the 
soricine  fauna  of  northwestern  Illinois,  a  survey  of  the  northwest  extreme  of 
Illinois  was  conducted  during  Autumn  1984  with  the  goal  of  documenting  the 
species  present. 


METHODS 

Trap-lines  were  placed  in  suitable  habitat  at  ten  localities  in  northwest  Illinois 
(Appendix  1).  Traps  (No.  10  food  cans)  were  placed  at  least  2  m  apart  and  buried 
with  their  rims  flush  with  the  soil  surface,  and  disturbed  litter  was  replaced  to 
reflect  natural  conditions  around  the  trap.  Two  to  three  inches  of  water  was 
added  to  each  trap  to  limit  escapes,  and  water  was  added  as  needed  during 
subsequent  visits.  Traps  were  checked  weekly  until  the  water  froze  over  (mid- 
December),  at  which  time  traps  were  closed  by  covering  with  wooden  planks  and 
soil.  Dominant  tree  species  were  recorded  (Appendix  1),  and  general  habitat 
characteristics  were  noted  during  weekly  checks. 

Specimens  retrieved  from  traps  were  stored  on  dry  ice  and  subsequently  frozen. 
Specimens  were  prepared  either  as  standard  skin  plus  skeleton,  or  skeleton 
only.  All  specimens  were  deposited  with  the  mammal  collection  of  the 
Department  of  Biological  Sciences,  Northern  Illinois  University,  DeKalb. 

RESULTS 

A  total  of  182  pitfall  traps  were  placed  at  ten  localities  in  northwest  Illinois 
between  27  October  and  17  November  1984.  The  duration  of  sampling  at  each 
locality  varied  from  29  to  50  days  and  all  traps  were  closed  after  16  December 
1984  (Table  2).  A  total  of  132  small  mammals  of  five  species  was  collected  in 
7808  trap-nights  (Table  2).  These  were  the  insectivores,  Sorex  cinereus 
cinereus  (n  =  81)  and  Blarina  brevicauda  brevicauda  (n  =  15),  and  the  rodents 
Peromyscus  leucopus  novaeboracensis  (n  =  21),  Microtus  pennsylvanicus 
pennsylvanicus  (n  =  14),  and  Mus  domesticus  (n  =  1).  Based  upon  cranial  and 
dental  characteristics,  all  Sorex  were  readily  assigned  to  S.  cinereus. 

The  number  of  captures  per  trap  ranged  from  two  to  22  individuals.  Regressions 
of  number  of  individuals  captured  (by  species  or  total)  with  either  number  of  days 
of  effort,  number  of  traps,  or  total  trap-nights  at  each  location,  employing  the 
sequential  Bonferoni  criterion  (Holm,  1979;  Rice,  1989),  failed  to  produce  any 
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significant  explanatory  relationships  (all  r2  <  0.416).  Only  the  first  order 
polynomial  regression  of  Blarina  captures  with  number  of  days  of  sampling  was 
significant  (F  =  7.85,  P  =  0.0172;  P.05  =  0.0125  with  the  Bonferoni  criterion). 

Hence  the  results  from  all  trap-lines  can  be  considered  as  approximately 
equivalent  estimates  of  local  population  density  and  species  diversity  for  those 
species  prone  to  pitfall  captures. 


DISCUSSION 

The  area  of  northwest  Illinois  lies  within  the  range  of  roughly  23  small  terrestrial 
mammals  (Table  1),  although  the  insectivorous  component  has  remained  poorly 
documented.  Although  concurrent  trapping  with  more  conventional  methods 
was  not  conducted  for  comparison,  the  results  reported  here  corroborate  the 
bias  of  pitfall  traps  towards  Sorex\  this  genus  accounted  for  a  significant  majority 
of  captures  at  all  sites,  and  for  almost  twice  as  many  captures  as  all  other  species 
combined  (Table  2).  More  interestingly  these  data  demonstrate  the  near  ubiquity 
of  Sorex  in  all  habitats  sampled.  These  ranged  from  reclaimed  prairie  to 
deciduous  and  mixed-coniferous  woodlands,  and  represent  a  relatively  complete 
sample  of  the  major  habitat  types  in  northern  Illinois  (Appendix  1).  The  high 
number  of  captures  of  Peromyscus  is  at  first  surprising.  Many  of  these  individuals 
were  juvenile,  however,  and  may  have  been  emigrating  from  their  natal  home 
ranges.  Such  individuals  may  be  less  wary  than  post-dispersal  and  adult 
individuals. 

The  distribution  of  species  captures  appears  not  to  follow  any  expected  macro¬ 
level  scale.  The  two  less  commonly  captured  species  (Peromyscus  and 
Microtus)  were  often  collected  together,  but  these  displayed  no  geographical 
pattern.  The  two  soricines  also  were  rather  evenly  distributed  across  all  sites. 
Four  sites  collected  only  one  species;  three  of  these  collected  only  Sorex ,  and 
the  final  site  collected  only  Blarina.  The  sites  that  collected  only  Sorex  lacked  a 
developed  understory;  one  of  these  was  adjacent  to  a  Pinus  plantation,  while 
another  had  abundant  downed  wood. 

It  appears  that  the  geographic  boundary  demarcating  the  Driftless  Area  has  little  if 
any  effect  on  the  abundance  and  distribution  of  these  species.  A  number  of 
additional  species  occur  here  however  (Table  1),  and  it  is  important  to  reassert 
that  total  diversity  here  is  substantially  greater  than  five  species.  Nevertheless 
the  anticipated  diversity  of  the  groups  represented  was  not  found.  Evidently 
environmental  parameters  in  addition  to  those  characterizing  the  Driftless  Area 
regulate  distributions  of  the  remaining  soricines.  S.  palustris  for  example, 
requires  clear  water  bodies  which  are  generally  lacking  in  northwest  Illinois.  S. 
arcticus  in  Wisconsin  were  recorded  in  wet  spruce,  and  tamarack  swamps,  and  in 
alder  or  willow  marshes  (Jackson,  1961),  although  in  Minnesota  most  specimens 
were  from  non-forested  sites  or  clearings  in  forested  areas  (Jones  and  Birney, 
1988).  The  only  site  I  found  in  northwest  Illinois  that  was  close  to  Jackson's 
(1961)  description  was  Thomson  Causeway,  although  this  area  frequently  floods 
in  autumn,  and  hence  is  not  comparable  to  Wisconsin  sites. 
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A  number  of  species  known  from  the  Driftless  region  were  not  encountered  in 
this  study.  Many  of  these  were  not  expected  a  priori  because  they  employ 
relatively  more  visual  means  of  orientation.  Yet  this  study  did  not  encounter  any 
species  not  known  to  be  common  in  this  region.  The  most  conspicuous  of  these 
was  Sorex  haydeni,  known  to  occur  in  eastern  Iowa  and  north  into  Canada 
(Bowles,  1975;  van  Zyll  de  Jong,  1980;  Hall,  1981),  where  it  is  sympatric  with  S. 
cinereus.  In  Canada  these  two  Sorex  are  distinct  where  sympatric  (van  Zyll  de 
Jong,  1980),  and  several  areas  of  morphological  intergradation  have  been  well 
documented  in  the  Midwest.  Although  the  analyses  conducted  here  do  not 
allow  for  an  investigation  of  intergradation,  the  specimens  examined  showed  no 
signs  of  intergradation  towards  S.  haydeni,  in  agreement  with  van  Zyll  de  Jong 
(1980). 

The  mammalian  fauna  of  the  Illinois  portion  of  the  Driftless  Area,  and  especially 
the  soricines,  evidently  is  influenced  more  by  ecological  characteristics  and 
emigration  of  locally  available  species  than  by  historical  habitat  associations  and 
corridor-regulated  access.  The  boreal  influence  observed  in  the  flora  (Jones, 
1963)  either  is  nonexistent  in  the  mammalian  fauna,  or  this  is  swamped  by 
recruitment  from  local  faunas.  Northwest  Illinois  is  dominated  by  a  more  southern 
fauna  whose  composition  is  filtered  to  some  degree  by  the  Mississippi  River. 
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Table  1.  Small  terrestrial  mammal  species  present  in  the  region  of  northwest 
Illinois.  Subspecies  are  given  where  they  differ  between  geographic 

areas1 . 


Taxon 

SE  Minn^ 

NE  Iowa5 

SW  Wise4 

NW  1115 

Insectivora 

Sorex  arcticus 

X 

X 

S.  cine  reus 

- 

- 

X 

X 

S.  fumeus 

- 

- 

x6 

- 

S.  haydeni 

X 

X 

- 

- 

S.  palustris 

X 

- 

X 

- 

S.  (Microsorex)  hoyi 

X 

- 

X 

X 

Blarina  brevicauda  brevicauda 

X 

X 

X 

- 

B.  b.  kirklandi 

- 

- 

- 

X 

Cryptotis  parva 

X 

X 

X 

X 

Scalopus  aquaticus  machrinus 

- 

- 

X 

X 

S.  a.  machrinoides 

X 

X 

- 

- 

Rodentia 

Tamias  striatus 

X 

X 

X 

X 

Marmot  a  monax 

X 

X 

X 

X 

Spermophilus  tridecemlineatus 

X 

X 

X 

X 

S.  franklini 

X 

X 

X 

X 

Sciuris  carolinensis  carolinensis 

- 

- 

- 

X 

S.  c.  hypophaeus 

- 

- 

X 

- 

S.  c.  pennsylvanicus 

X 

X 

- 

- 

S.  niger 

X 

X 

X 

X 

Tamiasciurus  hudsonicus  loquax 

- 

- 

- 

X 

T.  h.  minnesota 

X 

X 

X 

- 

Glaucomys  volans 

X 

X 

X 

X 

Geomys  bursarius  majusculus 

X 

X 

- 

- 

G.  b.  illinoiensis 

- 

- 

- 

X 

G.  b.  wisconsinensis 

- 

- 

X 

- 

Reithrodontomys  megalotis  dychei 

X 

X 

- 

X 

R.  m.  pectoralis 

- 

- 

X 

- 

Peromyscus  maniculatus  bairdii 

X 

X 

X 

X 

P.  leucopus 

X 

X 

X 

X 

Clethrionomys  gapperi  gapperi 

- 

- 

X 

- 

C.  g.  loringi 

X 

- 

- 

- 

Micro tus  pennsylvanicus 

X 

X 

X 

X 

M.  ochrogaster 

X 

X 

X 

X 

M.  pinetorum  nemoralis 

X 

X 

X 

- 

M.  p.  scalopsoides 

- 

- 

X 

X 

Synaptomys  cooperi 

X 

X 

X 

X 

Zapus  hudsonicus 

X 

X 

X 

X 

1—  x  =  present,  -  =  absent;  2  --  Hazard,  1982;  3  —  Bowles,  1975;  4  --  Jackson,  1961;  5 
--  Hoffmeisler,  1989,  this  siudy;  6  —  Known  from  a  single  specimen  collected  at 
Racine,  Wl,  in  1853. 


Table  2.  Trapping  dates  and  small  mammal  specimens  collected  during  a  small  mammal  survey  of  northwestern  Illinois  during 
1984.The  single  Mus  musculus  is  not  considered  here. 
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Appendix  1 .  Locations  of  trapping  areas  with  brief  ecological  characterizations. 

Apple  River  Canyon  State  Park  --  JoDaviess  Co.,  T28N,  R4E,  6.25  mi  N,  2.5  mi 
W,  Stockton,  900  ft.  Traps  on  S  side  of  bluff  with  Quercus  alba  and  Q. 
borealis,  Fraxinus  pennsylvanica,  lesser  amount  of  Acer  rubrum  and  A. 
saccharum  in  overstory.  Understory  of  same  species  plus  Ostrya  virginiana. 
Considerable  litter,  contributing  to  rich  soil  and  thick  duff  layer.  Abundant 
logs  of  ca.  10-30  cm  diameter. 

Boyle's  Prairie  --  Ogle  Co.,  T23N,  R2E,  6  mi  N,  2.5  mi  E,  Rochelle,  off  Mulford 
Rd.,  770  ft.  Traps  on  deep  soiled  section  of  prairie  supporting  30-60  cm  tall 
grass  flora  dominated  by  Phalaris  arundinacea,  Polygonum  sp.,  and  Leersia 
sp.  Portions  flood  each  spring  (not  trapped). 

Freeport  Prairie  Nature  Preserve  --  Stephenson  Co.,  T26N,  R8E,  Freeport,  on 
Walnut  Rd.,  ca.  0.25  mi  S,  South  St.,  800  ft.  Dry  dolomite  prairie  dominated 
by  Andropogon  scoparius,  Sporobolus  heterolepis,  Bouteloua  curtipendula. 
Traps  at  southern  end  of  prairie  near  small  group  of  deciduous  trees. 

Hanover  Bluff  Nature  Preserve  --  JoDaviess  Co.,  T26N,  R2E,  2  mi  S,  1  mi  W, 
Hanover,  S.  Whitton  Rd.,  0.2  mi  S  Whitton  Station,  900  ft.  Diverse  woods  of 
Q.  alba  and  Q.  borealis  and  Juniperus  virginiana  in  overstory,  and  lesser 
contributions  of  Aesculus  glabra  and  Betula  papyrifera.  Understory  of  O. 
virginiana,  Ribes  sp.,  Rubus  sp.,  some  Prunus  serotina  and  Cornus  florida. 
Traps  along  E-W  running  bluff,  on  rich,  loamy  soils,  with  thick  layer  of  duff. 

Lake  Le-Aqua-Na  State  Park  --  Stephenson  Co.,  T28N,  R6E,  2.75  mi.  N,  0.5  mi 
W,  Lena,  900  ft.  Traps  on  S  side  of  bluff  directly  SW  lake  Le-Aqua-Na  dam 
(near  Sweet  Gum  trail).  Vegetation  here  deciduous,  not  recorded. 

Mississippi  Palisades  State  Park  Site  I  --  Carroll  Co.,  T25N,  R3E,  4.5  mi.  N,  1  mi. 
W,  Savanna,  ca.  80  m  from  end  of  High  Point  Trail,  800  ft.  Sparse  understory 
and  thick  duff  layer.  Overstory  deciduous,  but  species  not  recorded. 

Mississippi  Palisades  State  Park  Site  II  --  Carroll  Co.,  T25N,  R3E,  4.5  mi.  N,  1  mi. 
W,  Savanna,  ca.  0.5  km  from  end  of  High  Point  Trail,  800  ft.  Vegetation  as  in 
Mississippi  Palisades  I. 

Mississippi  Palisades  State  Park  Site  III  --  Carroll  Co.,  T25N,  R3E,  3.5  mi.  N,  1  mi. 
W,  Savanna,  N  marina,  580  ft.  Seasonally  flooding  pasture  adjacent  to 
Mississippi  R.,  located  N  marina,  W  of  main  entrance  to  the  Park.  Vegetation 
not  recorded. 

Morrisson-Rockwoods  State  Park  -  Whiteside  Co.,  T21N,  R5E,  2.5  mi  N 
Morrisson.  Site  dominated  by  Q.  alba ,  P.  serotina,  F.  pennsylvanica,  with 
some  Robinia  pseudacacia  and  Q.  borealis.  Understory  sparse,  with  C. 
florida  and  O.  virginiana. 

Oakdale  Nature  Preserve  --  Stephenson  Co.,  T26N,  R8E,  3.5  mi  S,  0.5  mi  E, 
Freeport,  255  ft.  Dominated  by  Q.  alba  and  Q.  borealis,  some  P.  serotina  and 
Carya  ovata.  Understory  of  P.  serotina,  O.  virginiana,  some  Rubus  sp. 
Abundant  logs  and  litter,  and  thick  duff  layer. 

Thomson  Causeway  Day  Use  Area  Site  I  --  Carroll  Co.,  T23N,  R3E,  0.5  mi  S,  0.5 
mi  W,  Thomson,  600  ft.  Located  ca.  200  m  from  Mississippi  R.,  but  this  site 
evidently  does  not  flood.  Overstory  of  Q.  borealis  and  Morus  rubra  (abund.), 
Gymnocladus  dioicus,  some  Populus  deltoides,  occasionally  C.  ovata. 
Understory  of  Carpinus  caroliniana,  Crataegus,  M.  rubra. 
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Thomson  Causeway  Day  Use  Area  Site  II  ~  located  as  above.  Overstory  almost 
exclusively  B.  papyrifera ,  with  some  B.  nigra.  Understory  predominantly  B. 
papyrifera,  with  thickets  of  Rubus  sp.  and  Acer  sp.  Thin  duff  layer.  This  site 
evidently  floods  annually. 

Wards  Grove  Nature  Preserve  --  JoDaviess  Co.,  T27N,  R5E,  0.5  mi  N,  2.5  mi  W, 
Kent,  off  Kent  School  Rd.,  940  ft.  Traps  on  the  N  side  of  a  bluff  with 
overstory  dominated  by  Q.  alba  and  Q.  borealis ,  A.  saccharum ,  and  lesser 
amounts  of  O.  virginiana  and  P.  serotina.  Site  contains  abundant  downed 
wood,  rich  soil,  and  rich  soil. 
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ABSTRACT 

We  compared  skull  characteristics  of  white-tailed  deer  from  the  lower  Florida  Keys 
(O.  v.  clavium)  with  those  of  south  Florida  deer  (O.v.  seminolus)  and  deer  from 
Blackbeard  Island,  Georgia  (O.  v.  nigribarbis).  Ranges  of  skull  and  tooth  row 
length  measurements  showed  no  overlap  between  adult  south  Florida  deer  and 
the  smaller  Key  deer.  Overlap  in  ranges  for  most  skull  measurements  between 
Key  deer  and  Blackbeard  Island  deer  suggest  an  influence  of  island  habitat  on 
both  subspecies. 


INTRODUCTION 

Artiodactyls  that  inhabit  islands  generally  are  smaller  than  their  mainland 
counterparts  (Case,  1978;  Lomolino,  1985).  We  know  of  few  studies  (Barbour 
and  Allen,  1922;  Dickson,  1955;  McCain,  1970)  that  have  compared  skull 
morphology  in  insular  and  mainland  populations  of  white-tailed  deer  ( Odocoileus 
virginianus).  We  are  aware  of  no  studies  that  have  compared  skull  morphology 
between  white-tailed  deer  of  different  islands. 

Maffei  et  al.  (1988)  described  cranial  and  mandibular  characteristics  of  the 
endangered  Key  deer  (O.  v.  clavium)  and  recommended  comparisons  of  these 
measurements  among  Key  deer,  other  island  populations,  and  mainland  Florida 
white-tailed  deer.  These  comparisons  are  of  interest  for  determining  patterns  of 
morphological  difference  in  island  populations  of  white-tailed  deer.  Identification 
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of  diagnostic  measurements  that  differentiate  deer  of  the  Florida  Keys  from 
those  of  the  mainland  will  enhance  biologists'  ability  to  identify  skulls  of 
questionable  origin.  This  is  of  interest  because  Key  deer  are  protected,  and  the 
population  numbers  250-300  (U.S.  Fish  and  Wildlife  Service,  1985),  whereas 
deer  of  south  Florida  are  subjected  to  hunting. 

METHODS 

We  measured  cranial  and  dental  characteristics  of  38  white-tailed  deer  (O.  v. 
seminolus)  from  south  Florida  (Broward,  Dade,  and  Palm  Beach  counties)  and  32 
white-tailed  deer  (O.  v.  nigribarbis)  from  Blackbeard  Island,  Georgia  (McIntosh 
County).  All  specimens  were  collected  1986-1988  and  were  assigned  to  age 
classes  based  on  tooth  eruption  and  wear  (Severinghaus,  1949). 
Measurements  of  383  skulls  and  402  mandibles  of  Key  deer  (Cooperative 
Wildlife  Research  Laboratory  Research  Collection,  see  Maffei  et  al.,  1988)  also 
were  analyzed. 

South  Florida  deer  collected  for  this  study  were  isolated  from  Key  deer  by  60  km 
of  open  water  and  70  km  of  land.  Blackbeard  Island  deer  occur  on  Sapelo  and 
Blackbeard  Islands,  and  immigration  from  the  mainland  is  limited  by  a  barrier 
(Johnson  et  al.,  1974)  of  about  6.4  km  of  open  water  and  salt  marsh.  Blackbeard 
Island  lies  about  530  km  north  of  the  south  Florida  collection  area. 

Of  20  skull  measurements  taken,  6  characterized  length  of  crania  (skull  length, 
condylobasal  length,  auditobasal  length,  greatest  length  of  nasal,  greatest 
length  of  palate,  and  length  from  condylon  to  PM2);  7  characterized  width  of 
crania  (zygomatic  width,  least  width  of  nasals,  width  between  paraoccipital 
processes,  least  interorbital  width,  width  between  frontojugal  sutures,  least  width 
of  palate,  and  width  of  orbit);  and  7  characterized  cheek-tooth  row  lengths  (Upper 
and  Lower  PM2-M3,  Upper  and  Lower  PM2-M2,  Upper  and  Lower  PM2-M1 ,  and 
Lower  PM3-M3. 

In  addition  to  the  20  measurements,  zygomatic  width,  PM2-M3,  PM2-M2,  PM2- 
M1,  least  width  of  nasals,  width  between  paraoccipital  processes,  least 
interorbital  width,  width  of  skull  between  frontojugal  sutures,  least  width  of  palate, 
width  of  orbit,  condylobasal  length,  auditobasal  length,  greatest  length  of  nasals, 
and  greatest  length  of  palate  were  expressed  as  a  proportion  of  skull  length. 
Nasal  width/nasal  length  and  palate  width/palate  length  also  were  determined, 
for  a  total  of  36  skull  measurements. 

Measurements  <  173  mm  were  taken  with  a  dial  caliper  to  0.1  mm.  Longer 
measurements  were  taken  to  the  nearest  mm  on  a  measuring  board. 
Measurements  were  taken  on  the  right  side  when  possible;  partial  series  of 
measurements  were  obtained  from  damaged  skulls  and  mandibles.  Tooth  row 
measurements  were  taken  only  if  teeth  were  fully  erupted. 

Differences  in  means  among  ages  and  between  sexes  were  identified  for  most 
cranial  and  mandibular  characteristics  of  the  Key  deer  (Maffei  et  al.,  1988).  To 
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avoid  potential  biases,  we  compared  subspecies  within  each  sex  and  age  class. 
Because  of  small  sample  sizes  within  some  age  and  sex  classes,  we  compared 
ranges  rather  than  means  to  identify  differences.  Tabular  data  are  presented 
only  for  measurements  showing  no  overlap  in  ranges. 

RESULTS  AND  DISCUSSION 

Key  deer  skulls  were  shorter  than  those  of  south  Florida  white-tailed  deer; 
ranges  of  4  length  measurements  showed  no  overlap  in  males  and  females  >  1 
year  of  age  (Table  1).  Female  fawns  were  not  compared,  but  measurement 
ranges  for  male  fawns  of  Key  deer  overlapped  those  of  male  fawns  from  south 
Florida. 

No  overlap  in  ranges  of  lower  PM2-M3  and  lower  PM3-M3  was  evident  for  Key 
deer  and  south  Florida  male  and  female  deer  aged  >  1  year  (Table  2).  In  addition, 
no  overlap  occurred  for  upper  PM2-M3,  upper  and  lower  PM2-M2,  and  upper 
PM2-M1  in  specimens  aged  >  2  years.  These  findings  concur  with  those  of 
previous  studies  (Barbour  and  Allen,  1922;  Dickson,  1955;  McCain,  1970;  Maffei 
et  al.  1988)  which  identified  short  cheek-tooth  row  length  as  an  important 
characteristic  that  distinguishes  Key  deer  from  mainland  deer. 

The  six  skull  measurements  showing  no  overlap  between  yearling  and  older  deer 
of  the  Florida  Keys  and  mainland  may  aid  in  resolving  questions  regarding  the 
origin  of  a  given  skull.  If  the  skull  is  from  a  deer  >  2  years  of  age,  four  more 
measurements  (for  a  total  of  ten)  may  be  used  in  determining  if  the  skull  is  from  an 
endangered  Key  deer  or  a  legally  harvested  deer  from  mainland  Florida. 

For  all  measurements,  upper  portions  of  ranges  in  Key  deer  overlapped  with 
lower  portions  of  ranges  in  Blackbeard  Island  deer,  with  the  exception  of 
auditobasal  length  in  females  >  1  year  old  (Table  3).  Therefore,  based  on 
comparisons  of  ranges,  most  Key  deer  skulls  are  not  distinguishable  from  those 
of  deer  from  Blackbeard  Island. 

Results  from  this  study  suggest  an  influence  of  island  habitat  on  morphology  of 
white-tailed  deer.  Skulls  of  Key  deer  were  more  similar  in  size  to  skulls  of  deer 
from  another  island  (Blackbeard)  population  located  700  km  north  than  to  those 
of  a  mainland  Florida  population  located  within  200  km  of  the  Key  deer.  Similar 
environmental  constraints  of  food,  fresh  water,  and  space  on  coastal  islands  may 
be  responsible. 
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Table  1 .  Non-overlapping  ranges  of  cranial  measurements  (in  mm)  from  deer  of 
the  Florida  Keys  and  adjacent  mainland. 


Measurement 

Key  deer 

South 

Florida  deer 

Sex 

aqe  (years) 

X 

n 

SE 

ranqe 

X 

n 

SE 

ranqe 

Skull 

M 

Length 

1-2 

217 

18 

2.8 

192-235 

259 

7 

1.8 

251-266 

M 

2-3 

224 

23 

1.9 

208-247 

279 

3 

1.2 

277-281 

F 

1-2 

201 

22 

2.1 

171-215 

255 

12 

2.2 

245-271 

F 

2-3 

216 

14 

1.9 

201-227 

266 

5 

6.2 

246-284 

F 

3-4 

224 

8 

2.3 

216-232 

260 

3 

6.1 

249-270 

F 

4-5 

228 

9 

2.4 

219-239 

259 

2 

7.5 

251-266 

Condylobasal  Length 

M  1-2  201 

17 

4.7 

141-224 

248 

7 

1.5 

242-253 

M 

2-3 

212 

22 

1.8 

199-231 

268 

3 

2.2 

264-271 

F 

1-2 

191 

20 

2.2 

164-205 

243 

12 

2.1 

233-259 

F 

2-3 

205 

13 

1.7 

191-215 

255 

4 

6.3 

239-268 

F 

3-4 

212 

8 

1.6 

206-219 

250 

3 

2.2 

246-253 

F 

4-5 

216 

9 

1.8 

209-225 

253 

2 

6.0 

247-259 

Auditobasal  Length 
M  1-2 

188 

16 

2.5 

171-207 

224 

7 

1.8 

214-230 

M 

2-3 

192 

23 

1.7 

175-207 

245 

3 

2.5 

242-250 

F 

1-2 

173 

18 

2.3 

145-188 

221 

12 

2.0 

211-235 

F 

2-3 

185 

13 

2.1 

177-201 

230 

5 

4.9 

214-243 

F 

3-4 

192 

8 

1.5 

183-196 

228 

3 

4.4 

220-235 

F 

4-5 

195 

9 

1.8 

186-204 

229 

2 

6.0 

223-235 

Palate  Length 

M  1-2 

131 

14 

2.2 

112-143 

163 

5 

3.2 

155-173 

M 

2-3 

136 

22 

1.2 

125-146 

173 

3 

2.0 

170-177 

F 

1-2 

120 

16 

1.9 

102-131 

160 

11 

1.5 

152-168 

F 

2-3 

132 

12 

1.2 

123-139 

166 

5 

3.7 

157-178 

F 

3-4 

135 

8 

0.9 

132-139 

168 

3 

4.1 

161-175 

F 

4-5 

139 

9 

1.2 

136-147 

169 

2 

5.5 

163-174 
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Table  2.  Non-overlapping  ranges  of  cheek-tooth  row  measurements  (in  mm) 
from  deer  of  the  Florida  Keys  and  adjacent  mainland. 


Measurement  _ Key  deer _  South  Florida  deer 


Sex 

aqe  (years) 

X 

n 

SE 

ranqe 

X 

n 

SE 

ranqe 

Lower 

M 

PM2-M3 

1-2 

71.4 

15 

0.8 

64.7-75.5 

81.4 

4 

1.4 

79.3-85.4 

M 

2-3 

70.7 

18 

0.5 

66.2-74.0 

82.0 

3 

2.1 

78.3-85.4 

F 

1-2 

70.3 

5 

0.6 

68.8-71.8 

80.0 

8 

1.1 

75.4-84.5 

F 

2-3 

70.6 

17 

0.5 

67.8-73.5 

81.5 

4 

1.2 

78.3-83.9 

F 

3-4 

69.5 

12 

0.8 

66.0-74.2 

60.9 

3 

1.9 

77.7-84.2 

F 

4-5 

69.5 

11 

0.5 

67.7-71.8 

77.3 

2 

2.9 

74.4-80.2 

Lower 

M 

PM3-M3 

1-2 

64.8 

17 

0.6 

59.0-68.3 

73.9 

4 

1.3 

71.8-77.6 

M 

2-3 

63.0 

27 

0.6 

54.2-68.3 

73.6 

3 

1.8 

70.0-76.0 

F 

1-2 

63.7 

22 

0.6 

61.8-66.7 

72.3 

9 

0.9 

68.8-75.7 

F 

2-3 

63.6 

22 

0.4 

60.3-66.8 

73.1 

5 

0.9 

70.9-75.5 

F 

3-4 

62.4 

14 

0.6 

58.2-67.2 

72.8 

3 

1.6 

70.0-75.5 

F 

4-5 

62.0 

15 

0.7 

53.2-64.2 

69.5 

2 

3.3 

66.2-72.8 

Upper 

M 

PM2-M3 

2-3 

62.6 

27 

0.4 

56.7-65.9 

80.0 

3 

1.6 

76.9-82.5 

F 

1-2 

61.8 

6 

0.7 

59.8-64.5 

75.5 

5 

1.2 

70.6-80.2 

F 

2-3 

62.0 

19 

0.4 

59.1-64.2 

76.6 

5 

0.9 

74.1-79.3 

F 

3-4 

61.5 

14 

0.5 

58.2-65.4 

76.3 

2 

0.6 

75.8-76.9 

F 

4-5 

60.8 

14 

0.4 

56.7-62.5 

72.5 

2 

4.4 

68.1-76.9 

Upper 

M 

PM2-M2 

2-3 

51.3 

28 

0.3 

47.1-55.3 

65.5 

3 

1.4 

63.0-67.9 

F 

1-2 

52.8 

33 

0.4 

48.7-56.9 

62.1 

8 

0.9 

58.1-66.0 

F 

2-3 

51.0 

20 

0.3 

47.7-53.1 

62.7 

5 

1.1 

60.3-65.6 

F 

3-4 

50.6 

14 

0.4 

47.5-54.5 

62.6 

2 

1.4 

61.2-64.1 

F 

4-5 

49.6 

14 

0.4 

46.6-52.0 

58.8 

2 

3.7 

55.2-62.5 

Lower 

M 

PM2-M2 

2-3 

54.8 

19 

0.5 

50.6-58.0 

63.5 

3 

1.6 

60.4-65.8 

F 

2-3 

54.4 

17 

0.3 

52.6-56.3 

62.3 

4 

0.9 

60.2-65.9 

F 

3-4 

52.9 

12 

0.7 

48.7-57.0 

61.4 

3 

2.4 

57.6-65.9 

F 

4-5 

52.7 

11 

0.4 

50.7-55.2 

58.5 

2 

2.8 

55.7-61.3 

Upper 

M 

PM2-M1 

2-3 

39.5 

28 

0.3 

36.1-42.6 

50.7 

3 

1.2 

49.0-53.0 

F 

1-2 

40.5 

20 

0.3 

37.2-44.2 

48.0 

8 

0.8 

45.0-51.1 

F 

2-3 

38.9 

20 

0.3 

36.4-42.4 

48.1 

5 

1.2 

45.0-51.2 

F 

3-4 

38.8 

14 

0.4 

35.2-41.2 

48.0 

2 

1.2 

46.8-49.2 

F 

4-5 

38.2 

14 

0.4 

35.6-40.8 

45.1 

2 

2.7 

42.4-47.8 
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ABSTRACT 

1)  An  unusually  large  sample  of  113  least  shrews  ( Cryptotis  parva)  was 
collected  over  a  seven-day  period  in  Moultrie  County,  Illinois. 

2)  The  only  cranial  difference  among  age  groups  was  maxillary  toothrow 
length,  which  decreased  with  age,  presumably  from  toothwear. 

3)  Females  were  significantly  larger  than  males  for  three  of  seven  cranial 
characters. 

4)  Females  outnumbered  males  in  younger  age  classes;  however,  this 
trend  was  reversed  in  older  age  classes,  and  the  foraging  behavior  of  females 
may  account  for  this  occurrence. 

INTRODUCTION 

Little  is  known  about  populations  of  least  shrews  (Cryptotis  parva)  because  they 
are  infrequently  captured  by  conventional  methods.  Shrews  of  the  genus 
Cryptotis  have  been  found  in  greater  numbers  in  owl  pellets  (Davis,  1938,  1940) 
than  in  most  studies  using  mousetraps,  perhaps  indicating  less  susceptibility  to 
trapping  compared  to  other  small  mammals  (Whitaker,  1974).  However,  large, 
localized  concentrations  of  C.  parva  have  been  reported  from  sites  in  Michigan 
(Getz,  1962)  and  Florida  (Kale,  1972)  using  live  and  snap  traps,  respectively. 
Both  studies  found  sudden  increases  in  C.  parva  numbers  without  any  apparent 
cause.  A  large  sample  of  C.  parva  from  Illinois  was  studied  to  determine  the 
influence  of  age  and  sex  on  morphology  and  population  structure. 
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MATERIALS  AND  METHODS 

A  sample  of  113  least  shrews  was  captured  in  snap  traps  in  the  vicinity  of 
Kirksville,  Moultrie  County,  Illinois  over  a  seven-day  period  (25  September  to  1 
October  1985)  during  a  faunal  survey  conducted  by  the  U.  S.  Army  Construction 
Engineering  Research  Laboratory  (USACERL).  Skins  and  skulls  of  these  C. 
parva  from  the  USACERL  Biological  Inventory  Collection  maintained  at  the 
University  of  Illinois  Museum  of  Natural  History  were  examined.  Five  age  classes 
were  apparent  by  evaluating  toothwear  (after  Choate,  1970):  subadult,  adult(-), 
adult,  adult(+),  and  old  adult  (referred  to  as  1  to  5,  respectively,  in  this  study). 
None  of  the  specimens  fit  the  description  of  Choate’s  ’’young”  category. 

Five  cranial  characters  were  measured  following  Choate  (1970):  maxillary 
toothrow,  palatal  length,  cranial  breadth,  least  interorbital  breadth,  and  maxillary 
breadth.  In  addition,  skull  height  (illustrated  as  "braincase  depth"  by  Huggins  and 
Kennedy  -1989)  and  basilar  length  were  measured.  Skull  height  was  taken  with 
Helios  dial  calipers  (to  0.1  mm)  whereas  other  skull  characters  were  measured 
with  a  Zeiss  ocular  dial  micrometer  (to  0.01  mm).  Sex  and  reproductive  condition 
previously  had  been  recorded  on  skin  tags. 

Statistical  analyses  used  SAS  (SAS  Institute,  1985)  procedures  MEANS,  GLM, 
STEPDISC,  DISCRIM,  and  FREQ.  The  analysis  of  cranial  characters  utilized  110 
individuals  with  complete  skulls.  Initially,  three  main  effects  (sex,  age,  and 
capture  area)  were  tested  using  Wilk's  criterion  for  the  seven  cranial  characters.  If 
capture  area  was  non-significant,  then  a  two-way  interaction  model  would  be 
implemented  to  allow  nine  individuals  from  unknown  capture  areas  to  be 
included  and  to  eliminate  the  empty  cells  in  the  three-way  model.  Because  of  the 
unbalanced  nature  of  the  sample,  analysis  of  variance  tests  were  based  on  type  III 
sums  of  squares.  Discriminant  analysis  was  used  to  determine  if  sexual 
differences  can  be  used  to  classify  skulls  of  C.  parva  of  unknown  sex  (e.g.,  from 
owl  pellets).  The  Goodman  and  Kruskal  gamma  statistic  was  used  to  test  if  a  non- 
random  association  exists  between  sex  and  age  class. 

RESULTS  AND  DISCUSSION 

Least  shrews  were  captured  in  four  areas  of  Moultrie  County,  Illinois,  three 
located  1.75  mi  ESE  Kirksville  (designated  as  east  prairie,  west  prairie,  and  old 
field),  and  the  other  2  mi  SW  Kirksville  (open  thicket).  All  four  areas  featured  big 
bluestem  ( Andropogon  gerardii)  and  milkweeds  (Asclepias  sp.),  both  reaching 
heights  of  two  meters:  typical  C.  parva  habitat  (Whitaker,  1974).  Cryptotis  parva 
was  the  predominant  species  where  it  occurred,  constituting  66%  to  88%  of  the 
mammals  collected  (Table  1).  Peromyscus  leucopus,  Microtus  ochrogaster,  and 
Mus  musculus  were  each  collected  in  three  of  the  four  areas  where  C.  parva 
occurred. 

Analysis  of  cranial  variation  indicated  capture  area  and  all  interactions  were 
statistically  non-significant  (P  >  0.05),  whereas  significant  differences  were  found 
for  the  sex  and  age  main  effects.  Significant  differences  for  both  sex  and  age 
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class  were  also  found  using  the  two-way  model  (Table  2).  The  discordance 
among  age  groups  was  limited  to  maxillary  toothrow,  which  was  the  only 
significant  character  in  analysis  of  variance  tests.  Choate  (1970)  also  found  this 
to  be  the  only  significant  difference  between  age  groups  of  85  C.  mexicana  from 
the  vicinity  of  Jalapa,  Veracruz,  Mexico.  He  stated  that  maxillary  toothrow  is 
longest  early  in  life  and  decreases  with  age.  Apparently,  toothwear  creates  age 
class  differences  for  other  soricid  species  as  well,  because  the  same  pattern  of 
significant  reductions  in  toothrow  length  with  increased  age  has  been  found  in 
Blarina  brevicauda  (Choate,  1972)  and  Sorex  hoyi  (Diersing,  1980).  Because 
averages  for  other  cranial  characters,  such  as  palatal  and  basilar  lengths,  also 
peaked  in  the  youngest  age  classes  in  our  sample  of  C.  parva,  an  analysis  of 
covariance  was  performed  to  account  for  overall  size  and  to  determine  the 
pattern  of  toothwear.  Least  square  means  resulting  from  this  analysis 
indicated  the  significance  of  changes  from  the  preceding  age  class  (Table 
3).  Maxillary  toothrow  length  increases  from  age  class  1  to  2,  remains 
the  same  in  class  3,  and  decreases  during  age  classes  4  and  5  when 
significant  wear  occurs. 

Besides  the  effect  of  toothwear,  age  classes  are  not  distinct;  C.  parva  attains 
adult  cranial  size  before  their  susceptibility  to  trapping,  as  is  the  case  with  C. 
mexicana  (Choate,  1970),  B.  brevicauda  (Choate,  1972),  and  S.  merriami 
(Diersing  and  Hoffmeister,  1977).  However,  Diersing  (1980)  found  several 
significant  differences  between  young  and  old  S.  hoyi. 

The  Illinois  C.  parva  demonstrated  more  secondary  sexual  variation  than  Choate 
(1970)  found  in  C.  mexicana.  Females  were  significantly  larger  for  three  of  the 
seven  measurements:  cranial  breadth,  maxillary  breadth,  and  skull  height  (Table 
2).  Maxillary  toothrow  length  was  the  only  significant  difference  between  sexes 
in  C.  mexicana  (Choate,  1970),  and  this  may  have  resulted  from  confounding  age 
effects  rather  than  differences  between  sexes.  To  illustrate,  if  maxillary  toothrow 
length  were  tested  in  a  one-way  analysis  of  variance  without  accounting  for  age  in 
our  C.  parva  sample,  the  equality  of  sexes  would  be  rejected  (P  =  0.01),  which  is 
not  the  case  in  the  two-way  model. 

The  importance  of  cranial  sexual  dimorphism  in  American  shrews  has  been 
generally  dismissed.  Choate  (1972)  found  only  one  of  nine  cranial  characters 
(height  of  mandible)  to  be  significantly  different  between  sexes  of  B.  brevicauda , 
and  no  sexual  differences  were  found  in  S.  vagrans  (Findley,  1955),  S.  cinereus 
(van  Zyll  de  Jong,  1980),  and  S.  hoyi  (Diersing,  1980).  Huggins  and  Kennedy 
(1989)  found  "small”  sexual  differences  in  S.  cinereus  and  S.  fumeus.  Stepwise 
discriminant  analysis  selected  three  variables  for  distinguishing  males  and 
females:  least  interorbital  breadth,  maxillary  breadth,  and  skull  height.  The 
resulting  linear  discriminant  function  (LDF)  correctly  classified  73  of  110  (66.4%) 
of  the  individuals  to  the  proper  sex.  Another  LDF  using  all  seven  measurements 
only  sexed  74  of  110  correctly,  again  not  especially  useful  because  50%  correct 
is  expected  from  random  classification.  Sexual  dimorphism  of  C.  parva  appears 
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slight.  However,  the  characters  demonstrating  sexual  differences  should  be 
avoided  or  accounted  for  in  systematic  studies. 

Sex  ratios  varied  with  age  class  in  the  C.  parva  sample  (Table  4),  as  indicated  by  a 
non-random  association  between  sex  and  age  class  (P  =  0.001).  Females 
outnumbered  males  by  approximately  2:1  in  age  classes  1  to  3.  In  age  classes  4 
and  5,  males  outnumbered  females  (by  approximately  2:1  in  the  latter).  An 
indication  of  the  relationship  between  age  and  sex  is  that  average  female  age 
class  was  2.8  compared  to  an  average  of  3.4  for  males.  Only  8  of  64  females 
were  either  carrying  embryos  or  lactating.  All  four  of  the  pregnant  females  were  in 
age  class  4:  three  of  these  had  seven  embryos,  the  other  had  five.  Two  of  the 
lactating  females  were  in  age  class  5  (50%  of  the  class),  and  the  others  were  in 
age  classes  3  and  4. 

Changes  in  sex  ratios  with  age  have  been  observed  in  other  shrew  studies.  In  a 
two-year  study  of  B.  brevicauda ,  Dapson  (1968)  trapped  48  males  to  22  females 
in  the  older  of  two  age  classes,  and  a  1 :0.98  female  to  male  ratio  in  341  younger 
individuals.  Sex  ratio  varied  monthly,  and  Dapson's  August  sample  consisted  of 
37  young  females  and  23  young  males,  so  the  2:1  ratio  of  young  C.  parva 
females  to  males  that  we  found  may  be  merely  a  deviation  from  an  overall  1 :1  sex 
ratio.  Rudd  (1955)  found  greater  numbers  of  old  females  and  young  males, 
opposite  the  trend  in  our  C.  parva  sample,  in  a  two-year  study  of  three  Sorex 
species. 

The  foraging  strategy  of  C.  parva  may  create  a  trapping  bias  that  affects  observed 
age  and  sex  distributions.  Formanowicz  et  al.  (1989)  studied  foraging  in  a 
laboratory  colony  of  C.  parva  and  found  that  females  both  killed  and  hoarded 
more  prey  than  males,  and  the  variance  of  the  amount  that  females  killed  and 
hoarded  was  lower  than  males.  Formanowicz  et  al.  hypothesized  that  the 
hoarding  behavior  of  females  could  be  beneficial  both  as  a  hedge  against  low 
prey  availability  and  by  decreasing  the  time  spent  away  from  offspring  by 
reducing  the  need  to  forage.  Perhaps  more  females  were  captured  during  the 
week  of  trapping  because  their  foraging  activity  increased  the  likelihood  of 
capture.  Also,  if  females  hoard  so  that  they  will  not  have  to  leave  offspring,  this 
explains  the  change  in  the  sex  ratios  of  age  classes  4  and  5.  The  older  females 
may  be  more  reproductively  active  and,  therefore,  are  not  part  of  the  trappable 
population  or  have  a  lower  capture  probability,  because  they  rely  on  food 
reserves.  Therefore,  the  observations  of  Formanowicz  et  al.  (1989)  can  explain 
both  the  greater  frequency  of  capturing  young  females,  and  the  reduction  in 
older  females  observed. 

In  addition  to  trapping  bias,  the  sexual  differences  in  foraging  could  affect  the 
demographics  of  C.  parva.  Two  aspects  of  foraging  may  increase  the  mortality 
rates  of  females:  foraging  resulting  in  greater  exposure  to  predators,  and  the 
pursuit  of  food  especially  taxing  individuals  of  small  shrew  species  because  of 
their  high  metabolic  rates.  These  factors  could  lead  to  reducing  average 
longevity  in  females  and  explain  the  distribution  of  ages  in  our  sample.  However, 
Mock  (1982)  found  no  sexual  differences  in  longevity  in  a  laboratory  colony  of  C. 
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parva.  Unlike  a  laboratory  colony  with  food  provided,  natural  conditions  may  take 
a  toll  on  females  attempting  to  accumulate  necessary  resources,  regardless  of 
predation  pressure. 

Potential  differences  in  toothwear  rate  between  sexes  cannot  be  dismissed  as  a 
cause  for  biased  age  classes.  Formanowicz  et  al.  (1989)  did  not  find  significant 
differences  in  the  amount  of  prey  eaten  by  males  and  females  even  though 
females  killed  and  hoarded  more  prey;  therefore,  toothwear  resulting  from 
mastication  should  not  differ  between  sexes.  If  the  toothwear  rate  of  females  did 
increase  due  to  their  predation  activity,  more  females  in  older  age  classes  would 
be  expected,  which  is  not  the  trend  that  we  found.  Obviously,  long-term  studies, 
or  at  least  the  accumulation  of  data  from  successful  trapping  of  C.  parva  in  various 
places,  are  needed  to  further  increase  understanding  of  least  shrew  population 
dynamics,  and  the  causes  for  occasional  local  increases  in  capture  rates. 
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ABSTRACT 

Annotated  lists  of  the  caddisflies,  or  Trichoptera,  were  developed  from  the  West 
Branch  of  the  DuPage  River  (W.  Branch)  and  Kline  Creek,  IL.  The  W.  Branch  and 
Kline  Creek  are  moderately  and  severely  organically  polluted  streams, 
respectively.  Thirteen  species  were  collected  from  the  W.  Branch  and  seven 
from  Kline  Creek.  Seasonal  information  of  flight  periods  were  recorded. 

INTRODUCTION 

There  are  a  number  of  techniques  available  that  evaluate  the  water  quality  of 
streams  using  arthropod  indicators  (e.g.,  Hilsenhoff,  1987;  Ohio  Environmental 
Protection  Agency,  1987;  Plafkin  et  al.,  1989).  The  successful  use  of  any  one 
of  these  techniques  requires  knowledge  of  arthropod  identification,  distribution 
and  tolerance  to  pollution.  By  developing  an  annotated  list  of  caddisflies  (Order 
Trichoptera)  from  two  organically  polluted  streams  in  Northeastern  Illinois,  i.e., 
the  West  Branch  of  the  DuPage  River  (W.  Branch)  and  Kline  Creek,  the  current 
study  was  intended  to  contribute  to  this  knowledge. 

METHODS  AND  MATERIALS 


Study  Areas 

As  part  of  the  3553  km2  Des  Plaines  River  drainage  basin,  the  40  km  long  W. 
Branch  begins  just  north  of  rapidly  developing  DuPage  County  and  then  flows 
southerly  transecting  the  county.  The  average  gradient  of  the  stream  is 
approximately  1.1  m/km.  The  beginning  2  km  of  the  stream  has  undergone 
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extensive  channelization  and  modification  over  the  past  30  years.  Despite  this 
upstream  disturbance,  over  70%  of  thestream  remains  bordered  by  nine 
DuPage  County  forest  preserves  which  occupy  2370  hectares  of  mostly 
mesophytic  forests.  The  water  quality  of  the  W.  Branch  is  fair  with  major  sources 
of  pollution  being  effluents  from  waste  water  treatment  plants  which  service 
many  of  the  215,000  people  living  in  nearby  residential  areas  (Illinois 
Environmental  Protection  Agency,  1988;  Petersen,  1991). 

The  5  km  long  Kline  Creek  is  a  tributary  of  the  W.  Branch  and  begins  in  Carol 
Stream  just  above  the  Carol  Stream  Waste  Water  Treatment  Plant.  The  plant  is 
suspected  of  being  the  primary  cause  of  severe  organic  pollution  in  the  stream 
(Petersen,  1991).  Its'  average  gradient  is  3.1  m/km.  The  stream  intersects  the 
W.  Branch  within  the  Timber  Ridge  Forest  Preserve  some  13.6  km  down  from 
the  W.  Branch's  headwater. 

Methods 

Four  sampling  stations  were  established  in  riffles  along  the  W.  Branch  and  two 
along  Kline  Creek  (Table  1).  Larval  caddisflies  were  sampled  every  two  weeks  at 
each  station  from  July,  1989,  through  September,  1990,  except  at  stations  4 
and  5  where  sampling  began  during  April,  1990.  Larvae  were  collected  by  rock 
picking  and  using  an  aquatic  dip  net. 

Adult  caddisflies  were  also  sampled  every  two  weeks  at  each  station  using  an 
ultraviolet  light  trap  from  April,  1990,  through  September,  1990.  This  time  span 
covered  the  period  when  adults  first  appeared  and  up  until  the  time  when  adults 
disappeared  from  samples.  The  ultraviolet  light  trap  was  set  along  the  stream 
bank  at  dusk  for  30  minutes. 

Ethyl  alcohol  (70%)  was  used  to  kill  and  preserve  all  specimens.  The  taxonomic 
keys  of  Blickle  (1979),  MacKay  (1978),  Ross  (1944),  Schmude  and  Hilsenhoff 
(1986),  and  Schuster  and  Etnier  (1978)  were  especially  useful  in  keying 
caddisflies  to  species.  Voucher  specimens  are  on  deposit  at  the  College  of 
DuPage. 
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ANNOTATED  LIST 

Below  is  the  list  of  caddisflies  collected  from  the  W.  Branch  and  Kline  Creek 

according  to  sampling  station.  The  flight  period  of  each  species  is  given  as  is  the 

number  of  each  sex  light  trapped. 

Family  HYDROPTILIDAE 

Agraylea  multipunctata  Curtis.  September;  station  3(1  female). 

Hydroptila  ajax  Ross.  June-September;  station  1(1  male),  station  2(2  females), 
station  4(12  males,  4  females). 

H.  perdita  Morton.  July-September;  station  1(3  males,  1  female),  station  4(20 
males,  12  females). 

Ochrotrichia  tarsalis  (Hagen).  September;  station  4(3  males, 1  female). 

Oxyethira  pallida  (Banks).  August,  September;  station  1(3  females),  station 
4(1  female). 

Family  HYDROPSYCHIDAE 

Ceratopsyche  bifida  Banks.  July,  August;  station  1(1  male),  station  4(1  male). 

C.  bronta  Ross.  June-September;  station  3(11  females),  station  4(2  males,  15 
females). 

Cheumatopsyche  campyla  Ross.  April-September;  station  1(2  females), 
station  2(1  male,  2  females),  station  3(4  males,  455  females),  station  4(71 
males,  78  females),  station  5(2  females),  station  6(4  males,  18  females). 

C.  pettiti  (Banks).  April-September;  station  1(2  males,  25  females),  station 
2(75  males,  73  females),  station  3(2  females),  station  4(28  males,  18 
females),  station  5(5  males,  9  females),  station  6(18  males,  30  females). 

Hydropsyche  betteni  Ross.  April-September;  station  1(15  females),  station 
2(12  males,  44  females),  station  3(1  male,  9  females),  station  4(5  males,  36 
females),  station  5(2  males,  3  females),  station  6(26  males,  20  females). 

H.  bidens  Ross.  September;  station  6(1  male). 

Family  LEPTOCERIDAE 

Athripsodes  transversus  (Hagen).  July;  station  3  (1  male,  6  females). 

Oecetis  inconspicua  (Walker).  July-September;  station  1(1  male),  station  2(2 
males),  station  3(3  females),  station  4(5  males,  1  female),  station  5(1  female), 
station  6(1  male). 

Family  PSYCHOMYIIDAE 

Cyrenellus  marginalis  (Banks).  September;  station  4(1  female). 
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Table  1.  Sampling  stations  and  their  locations  along  the  West  Branch  of  the 
DuPage  River  (W.  Branch)  and  Kline  Creek,  Illinois.  Distance  of  a 
station  from  the  headwater  is  listed  beside  the  stream's  name  in 
parentheses. 


Station 

Location 

1  (W.  Branch  -  2  km) 

50  m  upstream  from  the  Hanover  Park 
WasteWater  Treatment  Plant,  Hanover  Park 

2  (W.  Branch  -  14  km) 

Timber  Ridge  Forest  Preserve,  West  Chicago 

3  (W.  Branch  -  30  km) 

McDowell  Grove  Forest  Preserve,  Naperville 

4  (W.  Branch  -  34  km) 

Pioneer  Park,  Naperville 

5  (Kline  Creek  - 1  km) 

1 00  m  downstream  from  the  Carol  Stream  Waste 
Water  Treatment  Plant,  Carol  Stream 

6  (Kline  Creek  -  4  km) 

Timber  Ridge  Forest  Preserve,  West  Chicago 
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